UNIVERSITY  OF  SOUTHERN  CALIFORNIA  LOS  ANGELES  F/G  20/3 

REACTIVE  AND  ENER6Y  TRANSFER  PROCESSES  OF  THE  NEUTRAL  RADICAL  S— ETCIU) 
NOV  81  H  HELVAJIAN»  C  WITTIG  N00014-78-C-05B5 

NL 


DIB  FILE  COPY  AD  A1 07 71  8 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (IFhan  Dal*  Enured; 


REPORT  DOCUMENTATION  PAGE 


«  title  fand  Submit) 

REACTIVE  AND  ENERGY  TRANSFER  PROCESSES 
OF  THE  NEUTRAL  RADICAL  SPECIES  HgBr  IN 
GAS  PHASE  COLLISIONS 


7.  AuTHORfaJ 

H.  Helvajian  and  C.  Wittig 


<r. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3  RECIPIENT’S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Final  Tech 
May  1978  -  May  1981 


6.  PERFORMING  ORG.  REPORT  NUMBER 


G.  CONTRACT  OR  GRANT  NUMBERIaj 


N00014-78-C-0585 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

Professor  C.  Wittig,  SSC  403  area  »  work  unit  numbers 

University  of  Southern  California 
Los  Angeles,  CA  90007 


II.  CONTROLLING  Q F F I C £  NAME  AND  ADDRESS 

Dr.  H.  PlllOff 

Office  of  Naval  Research 

SCO  N.  Quincy 

Arlington,  VA  22217  _ 


14.  MONITORING  AGENCY  NAME  4  AOORESSf//  different  from  Controlling  Office )  15.  SECURITY  CLASS,  (of  thle  report) 

Unclassified 


12.  REPORT  DATE 

November  5,  1981 


13.  NUMBER  OF  PAGES 

50 


16.  DISTRIBUTION  STATEMENT  (ot  tht,  Rtport) 


Approved  for  public  release;  distribution  unlimited. 


17,  DISTRIBUTION  STATEMENT  (ot  the  ebatrect  entered  In  Block  20,  It  different  from  Report) 


Prepared  for  publication  in  J.  Chem.  Phys. 


<r  ^ 

? 


4 


19-  KEY  WOROS  (ConfJnu*  on  teeeree  aide  It  neceeeety  end  Identity  by  block  number) 

Lasers 

Mercury  monohalides 
Mercury  bromide 
Harpoon  mechanism 


20.  a?$1  RACT  (Continue  on  reverem  aide  It  ne ceaaery  end  Identity  by  block  number) 


see  reverse  side 


1473  EDITION  OF  •  NOV  Si  IS  OBSOLETE 

S/N  0102-  LF-  014-  6601 


_ Unclassified _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  f»N*n  Dal*  EnlaradJ 


Ti 


Unclassified 


SecuniTV  CLASSIFICATION  OF  THIS  PAGE  (Whm>  Oaa  Knfnd) 


Experimental  investigations  are  conducted  wherein  kinetic 
process  associated  with  the  gas  phase  radical  species  HgBr  are 
studied.  These  studies  also  serve  to  provide  pertinent 
information  to  the  development  of  the  blue-green  HgBr  (B-+X)  laser. 
The  experiments  utilize  laser  induced  fluorescence  {LXF)  and/or 
chemiluminescence  as  a  means  for  observing  the  collisional 
behavior  of  HgBr  radicals.  Rate  coefficients  are  measured  for 
the  quenching  of  electronically  excited  HgBr (F ,  vibration- 
ally  excited  HgBr  (X^Z+ii;v")  ,  and  the  probability  for  energy 
transfer  between  metastable  Hg(63Pg)  atoms  and  HgBr  (.Y^I+!a)  . 
Various  states  of  the  radical  are  prepared  either  through 
photolysis  of  HgBr2  yielding  HgBr  f  or  photolysis  and 

subsequent  spontaneous  emission  producing  HgBr  .  Atomic 

excitation  in  mercury  is  via  resonance  absorption  using  253.7  nm 
coherent  radiation  followed  by  spin  orbit  relaxation  with  N2 
buffer  gas. 

Various  collisional  partners  (HgBr2,  CO,  CO2 ,  O2 ,  H2,  Xe, 

N2  and  Br2>  were  used  to  assess  the  electronic  quenching  of 
HgBr (E^it^) .  The  results  show  that  Xe  and  N2  are  inefficient 
as  quenchers  (  ~10-13  cm3molec-ls-l)  implying  that  both  are 
suitable  candidates  as  a  buffer  gas  for  the  HgBrfF-*-..')  laser. 
However,  the  other  species  have  quenching  rates  which  are 
orders  of  magnitude  larger  (  ~10-^0  cm^molec- ^-s"  1)  ,  these 
large  quenching  probabilities  are  attributed  to  reactive 
collisions  or  collision  induced  dissociation  of  HgBr.  Using 
LIF,  vibrational  relaxation  within  the  manifold  can  be 

observed  and  quenching  by  the  rare  gases  was  found  to  be  very 
efficient,  specifically,  rate  coefficients  measured  for  the 
quenching  of  v"  states  near  v"+22,  the  lower  laser  level,  was 
found  to  be  gas  kinetics.  Furthermore,  the  quenching 
probabilities  show  a  linear  dependence  with  the  Cg  parameter 
of  the  van  der  Waals  interaction  potential,  implying  that  the 
magnitude  of  the  quenching  cross  section  is  controlled  by  the 
long  range  attractive  forces. 

Measurements  are  also  reported  wherein  Hg{6^PQ)  is 
deexcited  by  collisions  with  HgBr {X^Z+^) .  The  quenching  rate 
coefficient  is  considerably  larger  (  ( 1. 7±0 . 8) xlO-^  cm^molec'ls-!) 
than  the  hard  sphere  collision  rates  and  is  consistent  with 
ion-pair  formation  via  the  harpoon  mechanism.  The  ion-pair 
produced  correlates  with  the  HgBr(s2l+^)  product  and  provides 
a  direct  efficient  pathway  for  channeling  metastable  Hg(63PQ) 
excitation  into  the  upper  laser  state  HgBr (B^E+^J . 
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ARSTf ACT 

Experimental  investigations  are  conducted  wherein 
kinetic  process  aaaociated  with  tha  gas  pnaee  radical 
species  sgftr  are  studied.  These  studiaa  also  serve  tc 
provide  pertinent  information  to  tha  development  cf  the 
blue-green  RgBrtB—  >X)  laser.  The  experiments  utilixe 
laser  induced  fluorescence  (LIE)  and/or 
chemiluminescence  as  a  scene  for  ooeecving  the 
collisional  behavior  of  9g8c  radicals.  Pate 
coefficients  are  Measured  for  the  que^^ino  of 
electronically  excited  :«gBr(B2J*i /2J ,  vibrational ;y 
•netted  RgBrlX2!**  ./jpr*),  and  the  probeoility  for  enerev 
transfer  between  aetastable  Rg(53Pgi  atoms  snd 
HgBr various  states  of  the  radical  are  precar 
either  through  photolysis  of  HgBt2  yielding 
BgBr(B25*1/j),  or  photolysis  end  subeeouent  spontaneous 
emission  producing  RgBr(X2I*^/2J .  Atomic  excitation  :n 
mercury  is  via  resonance  absorption  using  153.'  rim 
coherent  radiation  followed  by  spin  oroit  relaxation 
with  X*  buffer  gas. 


Various  colliaional  partners  fngirj.CO. 
C02'°2'H2’,:#'H?  *nd  Bf:»  »are  used  to  aastss  the 
electronic  quenchinq  of  BqBr *  Th*  taaulta  show 
that  Xa  and  -U  «•  inefficient  aa  quenchers  (•  I0~i3 
ca*=olec"ls“l)  implying  that  both  ara  luitable 
candltatas  as  a  buff  at  gas  for  tha  Hg§r(B— >X>  laser. 
However,  tha  othar  species  hava  quenching  rata*  which 
ara  ocdara  of  aegnitude  larger  (-  10*10  co3»olac'ia"1) , 
thaaa  large  quenchinq  probabilities  ara  attrlbutad  to 
reactive  collisions  or  collision  induced  dlaaociatlon  of 
HgCr.  Using  LIP,  vibrational  relaxation  within  tha 
X*!4 jy2  aanif old  can  ba  obaarvad  and  quenching  by  tha 
rara  gaaee  waa  found  to  ba  vary  afficiant,  specif lcally, 
rata  coafflclanta  aaasurad  for  tha  queneblng  of  v" 
statas  naar  va«Z2,  tha  lowar  laaar  level,  waa  found  to 
ba  oat  Kinetic.  -  Furthermore,  tha  quenching 
probabilities  snow  a  linaar  dapandanca  with  tha  C$ 
paraaatar  of  tha  van  dar  tfaala  lntaraction  potantlal, 
iaplying  that  tha  magnitude  of  tha  quenching  croaa 

sactxon  la  controllad  by  tha  long  range  attractlva 

.  * 

forces. 

Measurements  ara  alao  raportad  wharain  Hg(63P0)  ia 
deexcited  by  colliaiona  with  HgBr fX2!*^).  The 
quenching  rata  coafficlant  ia  conaldarably  largar 


wi 


:<l.:i0.8Jxl0"9  CB^raolac*1*”1?  than  tha  hard  sphara 
collision  rataa  and  ia  eonalatant  with  lon-palr 
formation  via  tha  harpoon  aachanisa.  Tha  ion-pair 
produced  corralataa  with  tha  HgBr  product  and 

provxdat  a  diract  afficiant  pathway  for  ehannallng 
nataatabla  Rg<63P0)  asdtation  into  tha  uppar  laaar 
stata  HgBc(B2rk1/2>. 


In  thia  traatlat,  an  affort  haa  baan  aada  to 
lnvaatigata  tha  fcinetic  procaaaaa  aaaoeiattd  with  tha 
radical  apaciaa  HgBr.  In  particular,  experiments  war* 
daalgnad  to  focua  on  tha  colliaional  behavior  for  tna 
quanchlng  of  alaetronically  axel tad  HgBr (Bi  spaeiaa.  tha 
deactivation  of  vlbratlonally  axcltad  HgBr(X,va) 
aoleculas*  and  tha  probability  for  anargy 
transfer/ reaction  batwaan  aataatabla  Bg(63?0J  atoax  arc 
ground  atataa  RgBt(X)  radicals.  Tha  axpariaantal 
raaulta  provide  data  which  ara  found  to  ba  partinant  tc 
tha  dawalopaant  of  tha  HgBrtB—  >X)  laaar  and  in  general 
quita  banaflcial  to  tha  generic  claas  of  Hgx  lasers. 
Furthacoora,  thaaa  raaulta  ara  racaat  to  add  to  tha  body 
of  knowledge  concarning  lntaraction  proeataaa  of  simple 
fraa  radicals. 

Tha  aain  body  of  tha  taxt  conalata  of  five  chapter* 
with  tha  first  priaanly  davotad  to  an  introduction  of 
tha  subject  aattar.  Tha  taxt  also  praaanta  tha  ralavant 
invastigations  to  data  and  dlacuaaaa  thoaa  araas  whare 
furthar  raaaarch  is  nacassary.  Zn  Chapter  II, 


axpariaantal  raaulta  ara  praaanead  for  tha  collisions! 
deactivation  of  alaetronically  axcltad  Hgir (B)  radicals. 
Rata  coafficiants  for  various  colliaional  partnars 
(EqBr 2 ,  Hj,  COj,  CO*  Oj,  H,,  Xa*  and  8r2)  art  aeasurca 
and  whara  appropriata,  quanchlng  aachanlaas  ara 
dlseusaad.  Chapter  III  ia  davotad  to  measuring  tha 
colliaional  daaetlvation  of  vlbratlonally  axcltad 
Hgtr(X.va)  apaciaa.  Kata  coafflclanta  ara  aaasurad  for 
tha  daaetlvation  of  high  vibrational  atataa  (va-22)  in 
BgBr<X*vali  thaaa  v*  1  avals  also  aarva  as  tba  ground 
stata  for  BgirtB—  >X)  laaara.  By  using  laaar  induead 
fluoraaeanea  at  aavaral  wavalangtha,  tha  daaetlvation  of 
RqBr(X*v*)  aolaculaa  through  tha  antlra  X21*i/2  aanif old 
can  ba  aonitored.  in  addition*  tha  absorbing- Sphara 
nodal  with  van  dar  Waala  lntaraction  ia  praaontad  as  i 
possible  achaaa  for  daaeriblng  tha  quanchlng  aachanisa. 

Tha  final  axpariaantal  chaptar  (l<n  dlacuaaaa  tha 
poaalbility  of  anargy  tranaf ar  via  ebaaleal  puaplng  of 
HgBr(X).  Experimental  raaulta  ara  praaantad  for  tha 
daaetlvation  rata  of  aataatabla  aq<l3P0)  atoaa  by 
HgBr(X).  Tha  raaulta  ara  dlacusaad  in  light  of 
corralatlon  diagraaa  which  show  poaaiblt  products  and 
charge  transfer  theory  which  describes  tha  raaction 


finally,  the  discussion  in  Chapter  V  is  presented 
lot  lutute  investigation  and  Chapter  Vl  contains  a  list 
of  selected  bibliography. 


CHAPTER  I 

INTRODUCTION 

for  a  nuaoar  of  years,  tiara  has  baan  an 
ineerest  in  studying  various  gas  phase  procasaas 
assoclatad  with  tha  free  radical  apaclas  sgX(X-ci,»r,l) . 
Thasa  dlatomlca  wars  first  obsarvad  naarly  100  yaars 
<oo*  but  ara  ones  aqam  tha  subject  of  activa 
rvsaarch.  because  easy  have  baan  fouad  to  ba  potantlally 
-all  suitad  to  ba  tha  activa  spaclas  for  an  afflciant 
hi  oh  power  laeer.2  Augmenting  thaaa  laser  studies,  a 
heat  of  other  experiments  have  baan  dona  to  elucidate 
•one  of  tha  elementary  physical  and  chemical  procaaaas 
of  thasa  radicals.3  tn  this  treatise ,  effort  has  baan 
placed  to  provide  soma  insight  into  thasa  kinetic 
procasaaa  related  specifically  to  tha  radical  special 
IgSr. 

Tha  ?  noli  fxaa  kadi  gal 

It  is  perhaps  wise  to  take  tha  effort  and  acquaint 


the  reader  with  a  - e*  concepts  which  would  allow  a  oora 
qualitative  understanding  of  what  there  is  to  follow, 
tt  nee  been  previously  mentioned  that  sqfr  it  a  free 
radical.  Centrally,  all  free  radicals  or  radicals  are 
transient  species,  m  that  they  can  be  potentially 
reactive  and  usually  are  difficult  to  produce  and  study 
in  the  free  state.  They  can  be  physically  stable, 
meanlnq  if  undisturbed  by  collisions  they  do  not 
spontaneously  decompose.4  various  methods  have  been 
used  to  produce  radicals  and  obearve  them.  Their 
spectra  in  emission  has  bean  observed  in  conventional 
flames  <CJl,C2,OSl  ,5  atomic  flames6  where  the 
interaction  of  atoms  with  ooleculas  give  the  radical 
emission  and  through  various  chemical  reactions.*  They 
have  been  produced  in  electric  discharges6  or 

photolysis  of  stable  parent  molecules*  (CS.NH.CRK 
Observing  radicals  in  absorption  is  such  note  difficult, 
since  the  electronic  states  of  the  radical  may  not  oe 
wall  known  and  in  any  production  scheme,  one  has  to  deal 
with  other  molecular  fragments  which  nay  also  absorb. 

Ch#»ical  Kln»ticai  I *n  gwpmrimantal  TfC&aiglli 

It  might  also  be  fruitful  to  briefly  address  tha 


subject  of  chemical  kinetics.  .n  the  sense  of  it  being  a 
useful  experimental  technique  for  studying  interaction 
procesaea  on  a  macroscopic  level.  Broadly  defined, 
chemical  kinetics  is  the  study  of  systems  whose 
composition  or  energy  distribution  is  changing  with 
tlma.  it  compliments  thermodynamics,  in  ehae 
thermodynamics  allows  one  to  predict  the  probaoility  of 
a  particular  reaction  taking  place,  while  kinetics 
provides  information  on  the  reaction  spaad.10”1^  The 
two  aelencai  differ  la  that  foe  thermodynamics  the 
equilibrium  constant  for  a  reaction  is  independent  cf 
the  path  landing  reactants  to  products,  while  the 
kinetic  raee  of  reaction  is  strictly  dependent  on  the 
individual  steps,  tn  fact,  the  individual  steps  termed 
as  tha  aechanism  of  the  reaction  is  an  important  part  of 
chemical  kinetics.  The  use  of  klnoeics  as  an 
experimental  technique  allows  one,  under  eertsin 
controlled  conditions,  to  use  measured  quantities  which 
art  not  necessarily  absolute  but  merely  proportional  to 
the  quantity  in  the  state.  In  eeaaurlng  a  particular 
reaction  rat*,  it  becomes  the  task  to  define  the 
experiment  as  suen,  that  its  outcome  reflects  the 
evolution  of  the  resetloa  under  study  in  a  simple 
nanner.  for  lnatance,  simple  exponential  behaviour  is 


t*ty  te  measure  because  it  is  not  necessary  to  mow  the 
initial  quantities  and  a  semilpg  plot  vwim  time  v ill 
fMitatc  tit  tyitis  time  constant.  Characterisation  of 
•one  tiaplo  r  tact  ion  systems  utilised  in  this  then*  *re 
discussed  below.  The  simple  firet  order  raaction  where 
fAJ  snd  fB)  spociea  concentrations  and  k  the  c taction 
rata  is  given  as,13 


exponential  expression  is  always  difficult  to  do, 
especially  if  k^  is  approxlaataly  equal  to  kj.  tut  if 
for  soae  reason  k2  of  Equation  <9f  is  mueh  greater  than 
kj  (Sq.  (8)),  for  instance  if  special  [•)  is  in  a  short 
11 red  state  and  it  decays,  changing  character,  then 
Equation  (12)  reduces  to  a  stnsibl*  first-order  reaction 
hawing  the  solution. 


(AJ  — >  (tl 

-d!Al/dt  •  MAI  (2) 

(A!  •  m 

Equation  (2)  ia  the  differential  rate  expression  and 
Equation  (3)  one  ample  solution.  #hen  the  kinetic 
equation  mvolvsa  sore  than  one  reacting  special,  the 
integrated  cate  equations  become  complicated.  In  this 
case,  if  the  experimental  conditions  lend  themselves  to 
it,  it  is  possible  to  make  an  essential  Isolation  of 
each  of  the  reaction  species  by  adjusting  their 
concentrations  so  that  one  of  them  is  present  in 
considerable  excess,  in  this  case  the  concentration  of 
the  species  present  in  excess  will  remain  almost 
constant  during  the  course  of  the  reaction  while  the 
overall  reaction  order  is  experimentally  reduced.  A 
simple  psuedo-f irst-order  reaction  is  preaanted  below. 


!8J 


.  IM°ki  #-»,t 

«2  -  »j 


113) 


The  solution  in  Equation  (13)  now  reflects  the 
production  of  [8)  (destruction  of  { A I )  via  raaction  (61. 

In  retrospect  it  ia  perhaps  Important  to  briefly 
comment  on  the  kinetics  of  radicals,  that  of  HgBt. 
Because  of  their  transient  nature  and  potential  for 
reactivity  one  can  expect  kinetic  reaction  rates  to  be 
very  fast.  Thus,  it  might  be  necessary  to  use 
measurement  techniques  which  are  responsive  to  fast  time 
scales.  Furthermore,  thee#  radicals  (BgBr)  do  not  exist 
freely  but  must  be  produced.  The  formation  of  these 
rsdicsls  from  parent  species  also  produces  other  product 
fragments  which  complicate  both  the  experiment  and 
kinetic  analysis. 


4 


[ A I  *  [B]  — >  TCI  ♦  10!  '<• 

-.lAI/dt  •  HlAllll  (5) 

I!  [At q  -  20(B!0.  th.n  |A1  mmtHUr  it»y,  eon«t»nt  «t 
;t>#  initial  *ilu.  at  IA]0  and, 

-dlAI/dt  -  -dtSI/dt  •  t(AI0l»l  *  *'!•!  <*’ 

[II  •  IBlja'*'1  <7> 

Wh.ca  a.aln  Equation  (7)  la  tba  ilnpla  aolotlon  to  ibo 
raaction  in  iquotloo  (41.  rot  conaacatlaa  typo 
tooettona  »h»*.  tin  intat.adiata  concantr ation  ia 
andar  atody.  conaldat  tBa  fsUovlnq  fitat-otdat  raaction 
sequence a 


I A  |  — >  III 

(!) 

(SI  — >  ICI 

(9) 

-d(AI/4t  ■  *il»! 

(10) 

-dtSI/it  *  ‘ll»l  *  ‘jl»l 

(11) 

these  first-order  and  first-degree  differential 
equations  can  be  solved  by  standard  methods  to  yiald. 


Ill 


(12; 


Reducing  kj  «nd  kj  esperl mentally  from  a  double 


HlatoilCAj  lacfcaraund 


BgBr ^ 5  The  Parent  Species  for  BgBr  Radicals 

One  cannot  begin  to  present  ■  proper  historical 
chronology  of  the  mercury  monohalides  (Bgx,  x*Br,C2,I) 
without  first  commenting  on  the  historical  background  ot 
the  one  prominent  parent  species  BgX](Xwtr,CL,Z).  The 
•miasiun  produced  by  mercury  dlhalldee  in  electric 
discharges  was  first  observed  100  years  ago  by  Pitres. 
The  emission  was  resolved  into  discrete  line*  by  Jones14 
sad  shortly  tborosftor  by  Lobnmeyer.15  Twenty-five 
years  lator  v  island  initiated  his  thirty  yoar  study 
(1928-1880)  of  ths  emission  pr oduood  by  discharge 
excite eion  of  mercury  di -halides.  Be  showed  that  most 
of  the  emission  lines  arise  from  oxcltod  mercury  mono- 
halldeo  (Bgx,  x*Cl,Br,I>  and  sad#  detailed  aaaignments, 
in  particular,  of  the  ~>  bends  in 

■gxfCltftf'l).1* 

The  atudy  of  photolytlc  pumping  of  mercury  di- 
halides  is  also  over  fifty  years  old.  In  1927,  Teremn 
reported  strong  visible  fluorescence  when 
BgXj i’X*Cl,hr,l)  was  irradiated  with  ultraviolet  light.1 
Specifically  broad  band  blus  emission  (  max  •  SOS  net 


was  ooaervad  when  flatr2  was  irradiate  between  190*210 
nm.  ?st an in  assigned  the  emission  bands  to  light,  l.a. 
the  pbotodlseoeietloa  produces  wars  the  electronically 
excited  radical  Bghr  *nd  *  ground  stats  halogen 

Stl2*>  atom.  (See  f  lg.  I-1> 

«4*rj  (14) 

«9»r(*Jr'l/I)  — >  ♦  h»  (15) 

Taranln's  conclusion  had  been  pradlctad  by  Mulliktn  in 
1925. 18  In  1932  tf island  reported  a  aora  thorough  study 
of  tha  photodlsaociation  of  Bg§r2.18  Bis  investigation 
on  tbs  absorption  froa  ISO  to  210  ns  of  tba  aarcury  d  i- 
halidas  revealed  ehraa  broad  contlnuua  absorptions  in 
Hglr2.  Tha  absorption  aaxlaa  wars  at  224  m.  195  na  and 
160  na  as  wall  as  a  sarlas  of  dlacrata  bands  naar  183 
na.  excitation  in  tha  flrac  band  at  224  na  and  in  tha 
dlacrata  bands  nasr  183  na  producad  no  fluorescence, 
whila  sxcitation  In  tha  bands  at  195  na  and  160  na 
producad  aalssion  batwaan  505*350  nm  and  270*250  na, 
reepeetively.  In  1938*1940  Wehrli  eaportad  higher 
raaolution  spaetra  of  tha  dlacrata  absorption  bands  in 
HgBr2,20  whila  Sponar  and  Tallar  intarpratad  tha  spacers 
by  assioninq  tha  spactral  taraa  to  tha  ground  and 
various  axcltad  statas  of  nghr2.21  Vadt  in  1980 
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riC.  .1*1).  Photolysis  of  Bg«r2  at  193  na.  Tbs 

aalssion  spaetra  is  of  Bg»r(B— >X)  and 
was  tafcan  at  300  K,  corrsspondlng  to  a 
ighr-  density  of  -  1013  ca"J.  Tba  top 
spaetra  is  the  wavelength  calibration, 
taken  with  k  low  preseura  aarcury  laap. 
loth  apactra  vara  takan  using  an  optical 
aultlchsnnsl  analyser  (OHIO . 


>- 
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inva at i gat ad  tba  tltctronic  structure  of  sgBr2  and  its 
relationship  to  photodlsaociation..-2  Using  theoretical 
calculations  ha  assigned  electronic  spactral  tarns  to 
tha  low*iying  axcltad  statas  of  BgBr2  and  correlated 
than  to  various  products  using  previous 
photodlsaociation  experiments.  Tha  results  sra 
presented  in  Table  (i-l). 

with  tba  advent  of  mercury  nenohalides  as  potential 
candidates  for  high  power  visible  lasers,23  there  have 
bean  a  flurry  of  investigations  on  both  tbo 
decomposition  of  Bgx2(X«Cl.hr,I)  and  tha  efficient 
production  of  tha  axcltad  radical  HgXfB2!^  2».  nay* 
for  instance,  has  measured  tbs  absorption  cross  section 
of  flgX2(X«Cl,tr,I)  in  the  ultraviolet,  he  finds  tha 
cross  section  st  193  nn  is  approximately  lxl0~i?  cm* 
for  Bghr2.2*  tfllcomb,  in  s  later  study,  has  made  an 
absolute  measurement  of  the  efficiency  for  production  of 
via  photodissociation  of  Rghr2  at  193  nm. 
Be  has  determined  the  efficiency  to  be  0.95. 23  Zara  in 
turn,  has  measured  the  electron  impact  eroas  section  for 
Hgx2  to  product  BgX(B2I*l/2).28  Specifically  for  sgBr-, 
the  erosa  section  was  measured  to  be  9.6xl0”20  cm*, 
showing  that  it  is  mors  efficient  to  produce 
Rglr from  tight 2  via  UV  photolysis  than  electron 


channel,  but  noe  in  the  3P- 


TAtll  iX»l).  «qic2  transition  aosMti  (M  and 

oscillator  strengths  if)  Mr  tba  vertical 
dipole  allowed  eacitatlona  in  Sgir^- 
Alao  given  ara  ebe  calculi cad 
( experimental  values  given  parenthetically) 
excitation  enarglea  (a£)  of  cha  various 
aeataa  'Xeference  (22)). 
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'Abeolute  energy  la  -70.30333  a. a  from  reference  '22). 
Reference  ?2*»  . 


2*  Of  tba  halogen*  ted 
hydrocarbon#  tastad,  tha  ttaetion  of  CCljvllgt^i  *»■ 
tba  hxgbeat  croaa  taction  for  producing  BgCltB2!*!  jj.35 

Spectroscopy  of  NgBr 

Tba  apaetr oacopy  of  Hgtr  was  flrat  atodiad  by 
Holland  In  1H0  fro*  hi  a  discharge  eaisslon  atudlaa 
on  BqSr2*  Be  assigned  vibrational  tranaitlona  and  than 
relative  intanaltlaa  for  tranaitlona  between  tha  B2!*!  2 
and  X2S*i/2  electronic  states.  Slnca  than,  it  baa  baan 
aatabllabad  that  tba  ground  atata  alactronie 
configuration  la  *2I*i/2*3*  otlliilng  wetland** 
results,  Cool  and  Chaung  calculatad  Pc asck -Condon 
factors  and  r-esntroids  for  tba  S— >X  transition  in 
Hgar.37  Pro*  Pig.  (1-2)  ve  aaa  that  tha  x2**,^  atata 
ia  bound  by  only  0.71  av  and  corralataa  to  ground  staea 
Hg ( 1 S)  and  ir(2P)  atone.  Tba  naxt  atata  above  (XI  ia 
tba  repulsive  A2n  which  alao  corralataa  to  ground  atata 
atonic  apaclaa.  Tha  flrat  bound  atata.  tarnad  32I*12* 
baa  a  daap  potantlal  wall  (4.B7  av)  and  corralataa  tc 
tha  ionic  pair  ig*t2S)  and  ■r’(iS).  Tba  aoet  proainant 
faatura  of  these  potantlal  anargy  curves  ia  tha  relative 
displacement  of  tha  inttrnuclaar  aaparatlon  at  tha 


inpact.  Tbara  alao  haaa  baan  tneeetlgatlona  to  obtain 
tha  rata  conatant  for  producing  RgBrfB2!*^) 
dissociative  aacltatlon  of  HgBr2  by  raro  gaa  nataatabia 
aeons  and  Tba  rata  constants  for 

HgBr  <522*i/2>  donation  froa  tba  aacltatlon  of  BgBr2  by 
Xa<JP2)  and  was  datarnlnad  as  (3 Jfcl.SJalO"2® 

cn3aolac“3a”3  and  graatar  than  l*10~20cn3uoi#c“3s~2 
respectively. 


Fic.  (1-2).  Potantlal  anargy  curves  for  tbo  (X),(A) 
and  (B)  atataa  of  200ig7*Br  without  spin 
orbit  coupling. 


Xeactlve  Proeossas  which  riold  BgBr 

Rather  than  ua«  tba  parent  aolacula  Sgx2, 
paopla  haw#  sought  to  produca  Bgi  radicals  via  reactive 
collisions  of  nataatablt  narcury  stoas  §g($3p2fit0)  with 
halogen  and  haloganatad  hydrocarbon  nolecules.30  with 
regard#  to  tba  halogens*  It  was  found  that  tba  erosa 
taction  for  reeetlve  scattering  (production  of  eaeited 
BgBr(B2I*1/j)  was  approximately  five  tlaaa  largar  for 
tho  3Pj  (9.4  ev)  atata  of  Ig  than  tha  3P0  (4.7  eV) 
state.33  larneteln.  in  a  eroaa  aolecular  baan 
chenilualnascana  study,  hao  placed  the  reactive  croaa 
taction  of  3P9  Ng  with  Br2  at  approslaataly  3A2.34  This 
observed  spin-orbit  dependence  of  the  eroaa  section 
perhaps  iapiiee  a  potantlal  barrier  in  tha  3P0  reactive 


tht  (8)  ttitt  is  mostly  (80%)  covalent  while  tne  X) 
•tats  ta  mostly  (80%)  ionic.  The  introduction  of  spin 
orbit  coupling  in  the’  calculations  for  RgBr  (8)  and  (X) 
states  has  only  •  miner  effect.  Some  of  the  effects  are 
removing  of  the  A  state  degeneracy*  which  splits  into 
two  states  *^3/2  *nd  the  reduction  of  the  ?X> 

state  dissociation  energy  to  (0.33  eV) .  wiiccmb  and 
Bernstein  have  calculated  the  X2£*1/2  state  dissociation 
energy  from  an  analysis  of  vibrational  level  specings 
using  Wleland's  spectroscopic  data*39  they  claim  that 
though  their  extrapolation  is  less  secure  for  “aBr  then 
HgX,  the  bast  estlaata  value  Is  0.74  ev.  There  have 
alto  been  tbeoratlcal  calculations  for  the  RgBKB— >X) 
radiative  lifetime  by  Wadt  (  -  26.0  ns)38  and  by  Duty 
and  Hyaan  (  -  16  ns).40  The  latter  study,  not  as 
detailed  aa  the  foraer  calculations,  used  a  pnysicallv 
intuitive  charge  transfer  model  in  describing  the  3 —  x 
transition.  All  the  spectroscopic  data  for  flgBr  which 
have  been  gleened  from  various  sources  art  tabulated  in 
Table  (1-2). 
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equilibrium  point  for  the  (B)  and  (Xl  states.  Because 
of  this  unique  character,  the  aercury  mono-halides  have 
omen  termed  as  exciaer  "like*  molecules.  Any  Franck- 
London  tranaltlona  from  low  vibrational  levels  of  the 
'8)  state  end  up  at  high  vibrational  levels  of  the 
around  'X)  state,  populations  froa  these  high 
vibrational  levels  eao  then  be  colllsionally  removed. 
Collision*  with  the  excited  molecule  HgBrd2!*^) , 
hereafter  ee  nglrtl).  will  vibratlonally  relax  the  (B) 
electronic  state  manifold  and  further  inereeae  the 
population  at  low  vibrational  levels.  This  is  apparent 
when  studying  the  Bgir(l— >X)  emission  spectre  (See  Fig. 
11—11 ,  the  prominent  peek  near  500  na  corresponds  to 
transitions  from  low  v*  of  the  (B)  state  to  high  »*  of 
the  ground  (X)  state.  Wadt  has  studied  the  electronic 
structure  of  Bgic.  specifically  the  (X),  (A),  tad  (It 
states.38  Re  finds  that  ee  the  lnternacleer  distance 
decreases  attractive  ionic  character  begins  to  alx  into 
the  covalent  (X)  state  while  repulsive  covalent 
character  enters  into  the  lonle  (■)  state.  At  the 
equilibnua  separation  for  the  (S)  state  (Be'),  both  (X) 
and  (B)  states  «re  nearly  50-50  mixtures  of  covalent  and 
ionic  character,  which  eaxiaixoe  the  ■— >x  transition 
moment  at  (Re').  At  the  equilibrium  of  the  (X)  state. 


TABLC  (1-2).  Spectroscopic  constants  for  the  (X),  B) , 
(C) ,  and  (D)  states  of  BqBr  gleaned  from 
various  sources. 
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4.78* 
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»JS*/2  4.7?b,4.l7d  5.51 
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TAIL!  (1-21  .  (continued) 


HOC  SO  flr<HtlKC 


TJUILC  (1-3).  Minr«4  liMC  wavelengths  far  the  nercary 
halide  BgX(X-Cl.Br.I)  *2li/2  *">  x2^t/2 

lasers. 


Stat. 

'.(A) 

StA*1) 

Molecule 

l(air)  in 

i».*r».j 

1.0*5 

0.03* 

loot* 

502.0. 

502.3 

**S/i 

503.9* 

504.2 

<0*1.  Mb'1 

l.HU 

2.(07 

59C14 

552,0, 

555.0 

SSS.O* 

559.0 

*01° 

443.0, 

444.0 

“Reference  (311 
^Reference  (37) 
^Reference  (44) 
Reference  (45-40 


"Reference  (47) 
^Reference  (40) 
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HgBr(B— '*)  Uhci 

Re  previously  mentioned,  the  mercury  eowohelidee 
Seve  a  large  relative  dlaplecenvnt  of  too  (X)  and  (B) 
electronic  itiui  (see  Pig.  (1-2))*  along  with  large 
(9— >X)  transition  dl polos  («oo  Table  (z-2>).  These 
fortuitous  cl  reuaetancee  allow  for  population  inversion 
and  laelng  action,  rur  the  more,  under  typical  operating 
conditions*  tbo  esclner  'like*  nature  of  these  rsdlcala 
prevents  bottlenecking  of  the  lower  laser  level.  Using 
various  peaping  aeheaee  all  the  mercury  halidee 
RoX(X*Cl.Br,l)  have  been  shown  to  lose  on  the 
taX*1/2  — >  **l*i/2  •i*ct*°*t*  transition.41"43  Table 
(1-3)  shows  the  obeerved  laelng  wavelengths  for  the 
varloue  eercury  halidee.  Since  1077*  there  haa  been 
research  eo  obtain  an  efficient  RgX(b—  >X)  laser.  Tbit 
has  proepted  the  design  and  boil  ding  of  ffgl  laeeta  using 
n onerous  escltatloo  sebenee.  sines  the  upper  laser 
level  llfetleoe  ere  short  (see  Table  (1-2)  for  Bgfrl* 
large  • suited  state  pope lotions  can  only  be  obtained  by 
intensive  peeping  sehenea.  RgX(P—  >X)  laelng  action  has 
been  achieved  via  escltatlon  of  Sgl2  or  other  cow pounds 
by  ov  photons  (193  nm  Ktf  laser*  f  \  taiaelen  at  172 
nal ,  electrons  (electron  been*  OV  preionised  transverse 


electric  discharge),  and  eetaatahles  (react lone  with 
Rg#,  Xe*»  nJ).  in  the  case  of  optial  punping  '193  ne 
XrP  laser  photolysis  of  Hgir2  vapor)  lasing  output  «ts 
observed  using  both  transverse  and  longitudinal 
escltatlon,  with  the  transverse  schene  giving  higher 
gain.47  To  date*  there  have  been  sore  studies  on  the 
RgSrfB—  >X)  laser  than  its  counterparts  RgCl  and  "gi. 
SgBt  offers  the  advantage  that  the  particular  lasing 
wavelengths  are  well  sol  ted  for  underwater  application 
in  laser  eomunl  cat  ions#4*  and  it  can  be  cleanly  and 
efficiently  produced  using  the  high  power  XrP  laser  to 
photolyse  BgBtj. •  Output  froe  the  RgBr  free  running 
oscillator  consists  of  soveral  lines  (see  Table  (1-3)', 
centered  around  two  pease  it  502  and  304  nn.  The  lines 
aro  doe  to  different  rots tlonal-vlbr at tonal  transitions 
between  the  (t)  and  (X)  states*  with  the  added 
coapleslty  caused  by  Sr  and  Kg  isotope  shifts,  in  the 
aalb  gala  region*  there  ie  sufficiently  fast  interaction 
between  the  various  states  that  froe  493  to  305  nn.  one 
effectively  observes  the  behavior  of  a  honogeneoualy 
broadened  transition.4*  Thus*  by  injecting  a  narrow 
bend  signal  into  the  SgSr  oscillator,  the  laser  oueput 
•pectruu  ie  condensed  and  locked  to  the  injected  signal. 
Single  Una  operation  of  9.03  nn  width  tunable  between 


495  and  505  nm,  has  been  demonstrated  with  oat  pat 
tnerqies  equal  to  or  exceeding  that  of  tha  f rem-runninq 
oscillator. 50  Currently,  igir/HgBfj  dissociation  lasers 
operate  in  pulsad  node  with  Hj  and  8a  as  buffer  gases. 
The  maximum  laser  output  energies  ff.t  J)  has  been 
obtained  with  an  £  baas  sustained  discharge  with  an 
overall  efficiency  of  1.8%. 51  Using  a  UV  pralonlsad 
discharge  laser  Sehiaitachek  and  Cslto  hare  studied  the 
perforaance  of  the  igBr(B— *>t)  laser,  deriving  average 
values  for  the  small  signal  gain  g^-d.M/c**  the 
absorption  coefficient  ig-OJSI/et  and  the  seeuration 
flux  ISAr-200  rtf/ cm ^  for  the  case  of  when  the  buffer  gas 
consists  of  900  Torr  Re  plus  100  torr  R2  *■  t*1**®* 
gas.52  rro»  the  average  saturation  flus,  an  estinate 
for  the  value  of  the  stimulated  cross  section  ?ct  can  be 
obtained. 


rot  hv.,  the  laser  photon  energy  say  at  500  ns,  and 
the  effective  upper  state  lifetlne  l^»ll  ns,  one 
ootains  s  lower  lisit  to  9|t  so  being  l.lxl0~3*cm3.  The 
Schisitschek  laser  can  operate  at  a  repetition  rate  of 
100  9x53  with  an  overall  efficiency  of  0.95%.  By  changing 


fro*  a  TV  preionized  discharge  schese  to  an  X-ray 
preionizer  (X-rey  oreionisation  is  a  convenient  source 
of  unifors  ionization  in  large  volume  systeasj 54~  , 

fisher,  et  si.  have  seasured  an  increase  in  overall 
efficiency  to  1.4%.5*"57  So  far  a  photolytically 
escited  Rgir(B — >X)  laser  has  operated  in  a  seeled 
quarts  cell  for  aany  thousand  shots  without  say 
degradation  in  laser  outpmt.3*  This  iapliee  that  for 
all  practical  purposes  the  BgSr2  dissociation  la 
completely  reversible  in  that  the  net  recombination  rate 
is  sufficiently  large  to  keep  fro*  completely  exhausting 
the  HgBr2  supply,  in  a  separate  experiment*  Strauss 
et  si.,  using  kinetic  absorption  spectroscopy,  have 
eeasured  the  dimerization  of  BgBr(X)  (BgBr(X)  ♦  ftgBrtXI 
— >  products!  with  Hr  as  the  third  body  buffer  gas.59 
M though  they  coeld  not  precisely  say  whether  the 
dimer lsstlon  products  were  ftg2Br2  or  BgBr2^Br,  their 
■eesurod  rate  coefficient  was  (2.0xl0*llcm3mole«“ls’1). 
To  dato.  no  other  recombination  experiment  has  been 
done.  The  difficulties  in  the  RgBr(B— X)  laser  ace  1) 
external  heat  is  necessary  to  obtain  largo  BgBr2  vapor 
densities*  though  this  problem  la  thoegbt  to  be  einor 
since  in  repetitively  poised  operation  the  excess  heat 
generated  by  the  discharge  itself  is  sore  than  enoogb  to 


supply  tho  necessary  hast}33  2)  self  absorption  of  tho 
BqSr(B)  radical  at  tho  laser  wavelengths*  tbs  self 
absorption  cross  section  has  been  calculated  and  is 
found  to  be  50  times  smaller  then  that  for  stlouiated 
emission*  3)  electronic  drive-circuit  components,  which 
is  a  common  probls*  to  all  pulsed  high  power  lssers*  4) 
the  inherent  low  electron  impact  cross  section  for 
producing  8gSr(B)r  5)  and  tho  corrosivo  nature  of  the 
laser  sodium  particularly  with  discharge  electrodes. 
This  is  thought  to  bo  tho  »s}or  problem  since  side 
reactions  of  flgtr2  end  other  dissociated  products  with 
set ale  can  load  to  undoairod  products  which  not  only 
exhausts  the  Bgtr2  supply  but  also  intarfores  with 
lasing  action.  Currently  sealed  devices  with  315 
stainless  steel  electrodes  reach  their  half  output  power 
levels  after  10*  shots.49  However,  It  is  thought  that 
the  group  of  platinum  aetals  is  sost  lieely  to  be 
compatible  with  the  laser  median.30 

HqBr  Kinetics 

Regardless  of  the  excitation  mechanism  used,  to 
obtain  an  efficient  chemical  laser  is  tantsoount  to 
understanding  the  collisions!  behavior  of  the  active 


species.  Knowing  the  quenching  kinetics  ;s  also 
essential  in  computer  aodeling  of  a  chemical  laser.  Por 
tho  mercury  halide  lssers  there  has  been  supportive 
research  to  aeasure  quenching  rate  constants,  but 
prlaarlly  for  the  destruction  of  tho  upper  laser  level 
RgBr(B).  Rate  coefficients  have  been  measured  using 
nuaerous  collision  partner s,  specifically  those  which 
sight  bo  likely  candidates  as  buffer  gases  or  possible 
halogen  donor  molecules.  Table  (l-4a,b,c)  lists  those 
rate  coefficients  measured  to  data.  It  was  found  that 
in  genoral  tho  raro  gases  had  poor  quenching  cross 
sections,33 4  while  donor  molecules  ui..  for  Br  like 
Hit,  CSjBr,  CCl2Br2,  Br2  and  RgSr2,  had  large  cross 
sections. 32,51-51  a1SO#  it  was  measured  that  Bg  atoms 
generated  fro*  the  photolysis  of  8g0r2,  if  in  large 
concentration  will  also  quoneb  BgBrtBI.63  unlike  the 
other  strong  quenehors  N2  was  seen  eo  be  e  poor 
quonchlnq  partner  foe  all  RgX(B)  species.61”44  further 
stodies  to  experimentally  establish  tha  HgBr (B— >X) 
radiative  lifetime  have  also  been  done.  Using  the 
sensitive  technique  of  laser  induced  fluorescence  T3«u 
and  Rasas  have  measured  the  lifetime  for  RgBr(B1  to  be 
23.2  ns*43  Regnant  and  Cden  in  a  separate  experiment 
seasured  23.711.3  ns4*  in  agreement  with  the  previous 
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•tudy  but  both  studies  being  in  slight  contradiction 
vitb  theoretical  calculations.40 

shar teaming!  Q!  Bali  Mattie  Studlca 

Al  though  there  ba*»  boon  o  lor 90  n unbar  of 
experlaeats  investigating  various  processes  associated 
vitb  tbo  BgX  specie**  aoot  recent  studio a  have  boon 
•trlctly  concerned  vitb  tbooo  aspect*  which  art  only 
goraono  to  tbo  Igm—  >1)  laser.  Thlo  000  boon 
specially  tree  is  tbo  kinetic  stodloo  of  tbo 
BgX(X*Cl,Br  (X)  radical.  K  largo  portion  of  tbo 
avail obi •  kinotic  dot*  describee  tho  collisions! 
babooiot  of  tbo  ooeltod  MKI2!*!/;)  radical, 
furthermore  in  the 00  studios*  little  effort  vaa  placed 
in  under 0 tending  tboee  colllolonol  processes  which 
provide  each  needed  inf or nation  concerning  too  kino tree 
of  eloctroalcnUy  ooeltod  redicole,  bine 
there  hen  not  boon  an  investigation  to  noeeare 
rates  of  roaoval  of  population  troa  the  lover  laser 
levels  *•)).  Xfc  la  iaportent  to  measure 

such  rates  and  inaura  that  eollialonoi  quenching  can  bo 
•ado  sufficiently  large  to  overcoat  punping  rates  and 
thus  prevent  later  self  teraination  froa  population 


*0 


TABLE  ;i-4b).  Quenching  rate  constant*  for 

•gbrlB^IJ/j)  1  k0(c*xa©iec“x»ec~x)  and 
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bottlenecking.  Also,  it  L s  lecvsasry  to  find 
specifically  thoee  species  which  goench  tbs  lover  lsssr 
level  but  do  not  deactivate  tbs  upper  least  stats, 
rar there  ora,  it  eoold  be  of  interest  to  both  poysical 
chemists  and  laser  researeb  scientists  to  study  reactive 
processes  with  tbs  ground  state  BgXCr^i/j)  radical 
with  the  possibility  of  producing  electronically  es- 
ci ted  aolecules.  ui.  ata*T  °*  *octt 

processes  not  only  provides  the  possible  evens  of 
cheaieally  pooping  the  8gi (•—>*)  laser,  but  advances 
such  knowledge  of  energy  transfer  in  transient  radical 
species. 

Ibvtdtlgatiani  21  20*  Tint,  Us 

In  this  treatise,  effort  has  Dean  placed  to 
investigate  those  shortcomings  previously  eentioned  for 
the  specific  case  of  the  radical  species  BgBr.  St  is 
hoped  that  by  esmninlng  such  kinetic  processes  for  Igtr. 
any  general  results  which  sra  obtained  could  also  be 
applied  to  the  generic  class  of  aercury  none- bolide*. 
Furthermore,  these  results  not  only  servs  to  obtain 
pertinent  information  for  the  class  of  BgX(^->X1 
lasers,  but  they  are  also  reeast,  to  elucldaea  some 
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C*APTE*  II 

oicnonc  50B4CHIRG  OP  *9*r(»35*l/.l 

intradaetlaa 

Tha  *f*r(*2S*i/23  radical,  boroaftar  rafarrad  to  at 
loan*)  cm  bo  aCflclaatly  prodocad  By  optical 
aacltatlan  of  pqltj  at  vacalaaptha  naar  1*0  na.1  Thaaa 
aacltad  apaclaa  haaa  a  abort  natural  ulatioa  (  -  13  na) 
and  caa  quickly  dacay  to  tha  qraoad  X2S*  1/3  alactromc 
atata  predaelap  a  bread  hand  aalaaleo  apactra.3 
*f*r(*— >1)  apactra  la  la  tha  alalbl*  waaalanqtha  with  a 
prealnant  paak  naar  500  na  (***  Pt*.  (t-ll).  Tha 
apootra  la  alao  naarly  daaald  at  all  tlbtatlonal  and 
rotational  acraetara,  able*  1*  attributed  ta  eh* 
eaatlapplnp  at  cloaaly  (paced  rotational  and  rlbratlonai 
atata*4  alanp  alt*  tb*  naatm  laatepa  abttta. 
taparlaant*  able*  Inaela*  tb*  Iflrd2!;*!/!1  atata  can 
banaflt  by  tb*  (act  that  1)  tb*  abort  nataral  Utetiae 
can  amplify  ealllalonal  quenebin*  atudl**,  uaually  the 
daactiaatlon  by  tree*  lapurttla*  bacea*  naqllqlbl*  and 
only  that*  apaclaa  In  qraat  abundanc*  deninata  tb* 


3* 


deactivation  kinetics*  2)  the  §— >x  transition  allows 
ths  mav«>i1mc«  of  using  visible  detection  apparatus 
which  normally  haws  high  gain  and  act  responsive  to 
short  transient  signals.  Obviously  all  collisional 
processes  involving  tha  stats  of  hgBr  ata 

pattinane  to  tha  development  of  Bglrlh—  >X)  Isaacs  but 
m  addition,  such  procassas  ara  of  fundamental 
importance,  as  they  provide  Information  coneamlng  tha 
kinetics  of  an  electronically  ascltad  fraa  radical. 
CoUisionsl  quenching  of  tha  stats  can'  procaad 

via  chanical  raactioo,  collision  induced  dissociation, 
or  dsssei ration  to  tha  taX* jyj  stats.  In  this  chapter, 
experimental  results  ata  prasantad  for  quenching  of 
flqhr(B)  by  various  small  molecules.  Tha  rssults  show 
tone  amazing  differences  between  quenching  apacies  which 
aca  similar  in  most  res  pacta  (s.g.  CO  and  Oj  ara  very 
efficient  quenchers  and  N}  sn  inefficient  quencher). 

totilaaotii 

The  expert mental  arrangement  is  ehown  schamstically 
in  pig.  (II-l).  Briefly,  tha  output  from  an  irf  laser 
(Uiaonlcs,  193  na,  80*100  mj,  20  nsec  PW1R  (earn  Pig. 
ttt-2) )  is  sent  into  a  screen  room  and  into  a 


flC.  (Xt-3).  Typical  data  f roa  the  transient  digitiser/ 


signal  averager  combination.  T ha  Bgsr (») 
fluorescence  signal  la  digitised  at  XO  ns 
Intervals.  The  origin*  of  the  tine  scale 
is  nearly  coincident  with  the  termination 
of  the  Arf  laser  poise  (40-SQns  duration) 
The  data  wee  taken  with  *50  aTorr  of 
■ghr2  in  the  cell. 


44 


fluorescence  cell  which  contains  the  saaple  under 
consideration.  Fluorescence  is  observed  at  right  angles 
to  the  laser  beta  with  a  ?*T  '*CA  €575,  240-ISO  na.  3 
nsec)  and  spectral  raeelatlon  la  accomplished  either 
with  filters  or  e  9.75  a  eonochrooaeor  ( Jar r el -As***, 
sines  the  signals  fro*  the  put  were  very  large,  greet 
care  was  taken  to  insure  that  the  PUT  was  operating  in 
tna  linear  regime.  The  signals  were  recorded  by  (1) 
photographing  tho  signal  directly  using  a  faat 
oscilloscope.  (2)  digitising  the  signal  with  a  faat 
transient  digitiser  (Tektronls  7912).  or  (3)  digitising 
and  avsraging  the  signal  with  a  slowmr  transient 
dlgltlssr/slgnal  averager  combination  (llometion  4 
Tracer  northern.  10  ne  gate).  After  using  each 
method,  it  wae  found  that  (31  le  the  east  convenient  and 
reliable.  Signals  were  recorded  only  aitot  tho 
toco  motion  of  tho  Arp  laeoc  pulse  where  the 
fluorescence  decay  could  be  described  by  a  tingle 
esponential  ov«s  several  lifetimes  (Pig.  (11-3)).  To 
insure  thee  the  Arf  laser  poise  did  net  contain  long- 
tails.  s  separata  small  espeelaent  was  contacted  where 
the  fluorescence  from  en  Arf  pumped  couaerin  Dye 
(IXCXTtJW  CSOO)  wen  noniternd  using  a  faat  oncllloneopn. 

A  tracing  of  a  photograph  of  tho  oocilloeeopo  aeon  la 
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shown  in  riq.  (11-2) . 

ago r2  a  powder  at  room  eaapataeara.  bat  has  « 
taatonttii  vapor  pressure  at  modest  tnptratacM  (100 
cTorr  at  373  R  ).3  la  Table  (XX-l),  aa  utioiifa  IgBr2 
vapor  pressure  data  la  tabulated.  Those  data  for 
temperatures  Lower  tbaa  40f  r  are  ertrapolaced  mint 
computet  leaet  square  fitting  with  known  parameters.3 
The  floor eeeenea  eell  la  eonetr acted  Crow  quarts  and  is 
contained  inside  a  commercial  owe*  (Trane  Taaip  Co.). 
Fluor « sconce  la  o be erred  through  the  partial If 
transparent  (thin  Au  coating  oa  quarts)  valla  of  the 
oven.  By  controlling  the  oven  temperature,  one  la  able 
to  establish  the  Sgtr2  concentration  daring  the  court# 
of  an  experiment.  To  inmate  thet  Sgsr2  solid  ie  not 
present  in  the  region  of  later  photolysis,  the  ealn  body 
of  the  fluorescence  cell  ie  kept  10-15°C  earner  than  the 
side  arm.  The  cell  has  Suprasil  windows,  to  allow 
passing  of  193  na,  and  la  connected  to  the  vecaon  syaten 
with  a  stopcock  which  uses  a  glaae  to  glaea  seal.  Since 
the  stopcock  ta  also  housed  inside  the  oven*  this  seal 
insures  that  those  con tan inants  which  usually  ootgae 
Cron  normal  0  ring  seals  will  be  absent,  nominally, 
the  cell  le  maintained  near  378  K,  which  provides  an 
RgOc2  density  of  l,«alOl5cm“3.  At  this  density  of 


TABU 

(XX-1) .  (continued) 

T(°C) 

vapor  Pressure 

T(°C) 

Vapor  Pressure 

(Torr) 

(mforr) 

120 

0.43 

80 

18.10 

116 

0.33 

76 

12.13 

212 

0.35 

72 

7.95 

10$ 

0.18 

68 

5.09 

104 

0.14 

64 

3.17 

100 

0.103 

60 

1.91 

96 

0 .07507 

56 

1.17 

92 

0.05396 

52 

0.63 

89 

0.03907 

84 

0.02648 

TABLE  1 11-13 .  Ig0r2  ▼apor  pressure  data  tabulated 
using  cempmter  least  squares  fitting 


(perame 

tore  ere  from  Refer 

■nee  (5)) 

T(°C) 

vapor  Pressure 

T<°C) 

▼uper  Pre 

(Torr) 

(Terr) 

200 

24.76 

160 

3.92 

196 

20.96 

156 

3.10 

192 

17.63 

152 

2.57 

Iff 

14.85 

140 

2.06 

194 

12.44 

144 

1.64 

190 

10.37 

140 

1.30 

176 

9.61 

130.5 

1.00 

172 

7.12 

132 

0.90 

169 

5.87 

120 

0.71 

164 

4.81 

124 

0.55 

parent  species,  qoenchlng  of  ifgBr  (01  by  undissoclaesd 
parent  eolecslee  or  pbotofregmente  contrlhotee  only  ■ 
very  snail  amount  to  the  observed  quenching  (average  gaa 
kinetic  collision  rates  are  10  collision/ u  sec-Torn*  for 
RgOr(B),  A*1  -  29  ne  end  at  a  pressure  nt  .1  Torr, 
results  in  a  colli  sloe  rets  of  0.023  collisions  in  one 
lifetime). 

Chemicals  were  purified  as  follows.  Bg*r2  (Baker 
Analysed  Reagent  grade)  wee  pumped  on  at  tempera e arse  up 
to  100°C  in  order  to  remove  volatile  compounds  (largest 
lmpnrlty  RfC22  0.2%).  »r2  (Baser  Analysed  Reagent  99.9% 

ala)  wee  subjected  to  repeated  distillation  from  263  to 
77  r  and  slow  passage  over  P20?.  In  addition,  the 
apparatus  in  which  thn  ir2  was  to  bs  used  was  ssaeoned 
by  exposure  to  lr2,  and  heated  under  vecuum  as  each  «t 
possible  In  order  to  minimise  the  amount  of  N20  on  the 
•sr feces.  Uj  and  xe  were  research  grade  'Alreo,  99.99% 
min)  ted  were  ueed  witheet  further  purification,  other 
gases  were  typically  99.9%  pure  and  were  also  used 
without  further  purification,  fines  the  rate 
coefficients  for  thee#  species  were  vary  large  U  0.1 
gee  kinetic),  effects  due  to  laperltleo  ere  minimal. 
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The  ptoetaMi  of  concern  itt  written  la  tbe 


following  «4MUm«. 

BgBr2  *  "•»  — : >  ♦  Or(2P)  111 

■gBr(l)  — >  Bgftr(X)  ♦  Ov  (2) 

OgBc(B)  ♦  n  —  >  proBaeta  (3) 

"here  H  art  the  quenching  specie#.  The  quenching 
specie#  have  vary  small  absorption  crou  sections  at  193 
n»7~*  and  therefore  one  need  not  ba  concerned  iMct 
excitation  and  possible  dissociation  of  tho  qoeochlriq 
iptclaa.  A  coiBaac  baa  to  bo  aado  on  tbo  poaaiblo 
absorption  of  193  no  radiation  by  newly  Corood  Bgar(B) 
and  SgBr(X)  radicals,  for  Instance,  If  tbo  Arf 
Intensity  la  high  enough,  tboao  BgBriBI  which  Corood  in 
the  loading  edge  of  too  Arf  laaor  pulao  aad  which  haoo 
not  yot  docayod  can  absorb  a  ascend  193  no  pboton  to 
Coro  excited  atonic  otatas  of  if  and  »r.10  furthermore, 
any  ffgBrfX)  could  also  absorb  one  or  toe  or  photons  and 
Corn  noooroua  axel  tod  product  epociea.^0  An  indication 
of  the  one  photon  dissociation  of  RqBr(X)  aolecule  la 
tho  233.7  no  ooiaaion  Croo  Be  43f2  -  3ig  transition, 
while  a  two  photon  dissociation  loads  to  higher  excited 


fXC.  (XX-4).  A  leant  squares  fit  of  tbs  dependence 

of  tbo  fluorescence  decay  cate  on  pressure 
f or  Oj  and  l2«  Each  point  represents 
so  average  of  200  flaersseeoes  traces. 

Bj*  whose  quenching  rate  coefficient 
can  only  be  measured  at  sueb  higher 
coecentratlooa  than  those  shown  in  the 
figure*  la  shown  foe  caaperlnon. 


state  of  Bg  such  a  72S2.  Population  in  tho  TJB|  state 
can  be  detected  *U  the  Bg  73s2  •  03F2*  traaaitlon  at 
435.4  no.1*  Being  appropriate  narrow  band  flltaca  no 
such  eaiaaion  was  detected.  This  affirms  that  tbe 
density  of  electronically  osclted  Bg  atone  la  snail  and 
that  atone  forned  froo  tbe  oultlpboton  dissociation  of 
Bgtr  will  have  negligible  quenching  effect.  The  rate 
equation  describing  (1)  -  (3)  la 

-dligir (bi  1/dt  •  AfBgbt  (■) 1  ♦  l  k„tm (Bgor(l)]  (4) 

where  A  la  tbe  tlnsteln  coefficient  for  tbe  P— >1 
transition  (A*4.3tl07a"1)  r  and  la  tbe  quench  lag  rate 
coefficient  for  species  a.  *itb  tbe  eerolnatleo  of  tbe 
Arf  laser.  (4)  has  tbe  trivial  solution  of  espenentlai 
decay  with  a  lifetime  given  by 

k  -  A  ♦  ik„(Kl  (31 

By  varying  1H| ,  one  can  obtain  ktt  and  A.  As  sent  toned 
above,  quenching  by  undiaeeclated  parent  oe leva lee  la 
inaignif leant,  contributing  only  l«  (at  100  ororr, 

(,'*'( RgBr f B)  I  }/*  ® O.fl lJi  where  k*  is  tbs  qusncblng  raee 
by  BqBr2)  to  tbs  overall  quenching.  Typical  data  era 
shown  in  fig.  (11*41,  and  tbo  results  of  tbe 
nseeureoenta  are  suemarlied  in  Table  (TX*21.  Tbe 
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r Malta  shown  in  Ttdlt  (IX-2)  wort  obtained  by 
sonltoring  the  total  fluorMoenca  frw  the  (Bt  mt«. 
This  include  snail  contributions  fran  different 
vibrational  levels  within  the  (B)  state.  Oalag  a  0.73  ■ 
■onochronator  (0.1  na  resolution),  it  van  possible  to 
observe  at  variooa  wavelengths  and  naaauca  aocb 
lifetimes  wbara  tba  transit  ion  a  Cron  specific 
vibrational  atataa  ara  nora  proalnsst.  Tba  naanorad 
lifatinaa  for  and  C  ara  24H,  Uil  and  2311  na 

respectively,  indicating  only  a  vary  alight  variation, 
if  any,  in  radiativa  iifatina  with  vibrational 
•■citation,  whan  oonltorlag  tba  total  fluorescence  fron 
tba  (■)  state,  an  avaragad  Iifatina  of  22.7  aa  was 
•assured.  It  is  conson  whan  aanssrlng  llfetlnos  to 
conaldar  tba  effects  of  aolf  trapping.  Saif  trapping  la 
directly  a  function  of  tha  photon  eollactioti  qeooetry, 
paranacara  such  aa  tba  nunbar  danaity  (optical  donaity) 
and  tba  path  langth  of  tba  ascaplng  radiation  ara 
critical  in  datarnining  tba  extent  of  radiation 
lnpriaonnant  (aalf  trapping).  Sines  tba  aaasursd 
rasulea  for  tha  radiativa  Iifatina  agraaa  with  tba 
results  of  others,2*22  tha  extant  to  which  radiation  is 
trapped  is  aininai. 


TABLE  (IX*2l •  Rata  coefficients  for  tba  quenching 
of  Hgir(BaSt/2> • 


quenching 

rata 

(aid'11  cnJ 

Ref 

.  Cantata 

species 

eoaffielaut 

aolacula  aae*1) 

this  work4 

other  work 

(37g  f) 

ngBr3 

(23  .Old.  0) 

(17.0H.0) 

14 

any  reset 

CO 

(3.4±0.d) 

now- reactive 

®2 

son-reactive 

°2 

(t.210.3) 

■ay  reset 

"2 

(4.StO.S1 

nsy  reset 

»*2 

01.014.0) 

(29*0) 

13 

ssy  reset 

(SS.Otl.O) 

14 

xa 

(0.0210.004) 

(0.03) 

13 

nsn-rssetive 

(0.3710.03) 

14 

"2 

i  0.013 

U0.0003) 

13 

non-rssetlvs 

(0.4410.05) 

*Tba  quoted  unear taintl as  are  statist leal,  and  ara 
tvs  standard  drvlatlons. 


nncuxnan 

Tba  rata  eoafflcianta  obtained  are  in  reasonable 
•green ant  with  those  fron  certain  other  expat inenta  in 
those  eases  wbara  comparison  in  posslbls  (Table  (XX-2)}. 
There  ara  obvious  dlffaraneas  between  these 
•easu tenants,  as  wall  as  tboss  of  Nandi,23  and  tba 
aeeswrenents  of  Eden  at  si.24  These  differences  ars 
particularly  striking  for  quenching  by  xa  and  n2. 
•assuring  an  lnafflclant  quenching  process,  sanple 
purity  bacon  a  a  per  mount-.  Tba  traea  inpurltiaa  uaually 
found  in  both  Xa  and  gaaas  are  03«  >2'  co»  C02  sno 
■jO.25  Of  tba  five  inpurltlM  Hated,  tba  first  four 
ara  known  to  ba  efficient  quencher*  of  BqBe(B)  (Table 
11-21).  So  great  car*  oust  ba  taken  to  purge  ail  gas 
linaa  with  anple  high  grade  Xa  and  W2  to  insure  that 
trace  iapuntlee  ara  kept  at  a  baas  xlninun. 

As  reported  in  Table  (XX- 21,  quenching  rata 
coefficients  for  tba  species  >gBt2,  CO,  C02,  02»  b2*  aDd 
sr2  ara  larger,  by  orders  of  nsgnltade#  then  the 
quenching  rata  coefficients  for  epecloa  such  aa  xa  and 
k2.  It  saans  unlikely  that  tba  afflciant  quenching  of 
HgBr(B)  produces  ground  atata  HgBr  apaclas.  This  would 
require  graatar  than  2.13  aV  of  excitation  to  ba  taken  up 
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by  internal  statae  of  the  quenching  special  and  relative 
translation  between  Bglr  and  tha  quenching  species, 
uaually  .lactronlc  to  vibrational  (f-v)  .norfy  crontfor 
tit.,  aro  only  .fflcl.nt  vb.o  tha  tvs  atataa  ara  in  naar 
“«»  raamwnca,1*’17  vhu.  alactronic  to  trantUtlonsl 
f*-T»  ai tarff  cramfar  ratoa  ara  .ttielant  vhan  chara  aro 
loo,  ran..  Infractions  hotvson  tho  eollidln,  pair.11 
Othar  altarnatlvaa  to  tho  qomchln,  ot  R«*r(()  ohlch  ara 
aora  lUoly,  art  raaetlva  eoXliatona 

(»9*rvOj  — >  IfOtlrOI  or  eoUlalon  Inducod  dlaaoelation 
h'jar  [ tj —  >  Br*-»r*Ojl .  it  la  paaalbla  to  asooao 
tho  contributions  ot  tbaaa  ehannnia  hy  laaar  todocad 
floor aaoonca  (tin  ot  »rO  (  trO(X-A)  To  -  J«,»J3  c.'1) 
and  I,  m,(«2(0)  — >  e  •  4.11  an.  CO  and 

®I  ara  atfielaiit  qasnebars  avah  thoooh  chaaleal 
faction  can  not  occur,  hart  it  la  bcliavsd  that 
elusions  vlth  tttrill  [ tacit  in  a  tranaltion  to  a 
dlaaoelatl.0  potential  euro*  ot  tear  (,„r(»J»)  la  a 
rapulal.o  aartaeo  .hi eh  hah  S-fold  dotanaracr1’  (aa.  '19. 
(I-ll).  It  1,  mint  at  thl*  tlsa,  .hy  Nj  la  far  lata 
•tf lcitftt  at  lnAiclna  thla  tranaltion.  At  drat 
tnellnatlon,  oao  .mud  tapoct  CO  and  Hj  to  Mhavo 
•lallarly  tioeo  thoy  aro  laosloctronie.  hot  tn  foct  tho 
ehar90  diatrlhatlon  la  Wj  la  tyaaacrlc  valla  in  CO  it  la 


57 


5. 


clearly  not.  nu  **yuuotry  1*  chart*  diatribation  for 
CO  a»y  b*  reflected  By  ita  ability  te  fata  locallaod 
bead*  vhleh  can  aahaaeo  tbo  interaction  with  th* 
electronically  tie lead  radical.  U  Aj  any  bead 
foraation  *111  have  to  Bo  ayuoatxicaily  dinrlbuted  aoac 
BBC  aolacul*.  and  *111  load  ta  a  vaakar  lataraetloa. 

TBa  «tro*q*r  attract!**  lataraetloa  ot  fq*r(»l  vita  CO 
can  caaaa  tba  potential  •narqy  aurfaca,  taaao  akick 
coaaact  ta*  Initial  and  final  atataa,  to  CO**  or  a*  »lta 
that  of  lovar  alaetrenic  •tat*.20  net*  Ba*a  Baca  ataar 
taper tad  caaaa  In  ahlca  itj  and  00  Bade**  dlffaraatly. 

In  tha  qaaneblnq  at  ta*  ifj  atataa  of  Cd  vBara  na 
aceaaalbl*  electronic  atataa  aalat  for  aithor  CO  or  *2> 
CO  •**  found  to  b*  a  far  nor*  afflclaat  qaaneblnq 
partner  than  *2.21 
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VTORATIDHAL  DEACTIVATION  OP  Bqkr .*■! 

Iw*  rafiirt  I  w. 

Thar*  are  colllaional  procaaaaa  aaaociatad  with  tha 
qroaad  «t*ta  RqOr  apoclao,  furthar  labollad  a*  liqcr(x) , 
vblch  ar*  partlnont  to  tha  afflciancy  of  *qar(0—  >ri 
laaor*.  On*  aocb  procaaa  1*  the  co  111*1  anal 
deactivation  of  tba  qroaad  laaor  la*al.  Tha  Oqar  laaar 
oporataa  froa  tha  lev  *'  l**ala  of  tbo  I*)  atata  to  hiqh 
•*  (v'vlf'lf)  l***la  of  the  (I)  electronic  (tat*.2  To 
pro* ant  *bottlanackinq*  and  **lf  tarnlnatlen  of  tba 
laaor.  It  i*  inparatlva  that  tbotr  Bo  afflclant  ranoval 
of  tbo  qrouad  atata  population.  In  asaalnlaq  ta* 
colliaioaal  qaonchlnq  of  tha a*  hlpb  vibrational  atataa. 
on*  can  also  obtain  intonation  on  tbo  tranafar  of 
anarqy  frou  vibrational  raatorlnq  fore**  ta 
tranalational  enerqi**.  vibratienaJly  aacirod 
fq*r(X.v*)  nolacula*  have  a  hlqh  probability  of  qlvlnq 
up  on*  or  nor*  vibrational  quanta  of  anarqy  If  involved 
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in  4  collision  (hs  st  ▼*■22  is  140  cm*1  vhils  k?  st  200  E 
is  200  cm*1).1 

Am  oto  Totious  I  chest*  with  •bleb  fioa4  scots 
rsdlcols  eon  bo  aonitoted.  four  oonocoi  pnesnw  or# 
asnelonsd,  Sqbriz)  radicals  eon  bo  aeultorsd  tbtooob  1) 
reactive  processes  (shoes  ono  ot  sots  reaction  product* 
sto  observed),  2)  ionisstlon  ptoeossos  (slsetres  impost 
or  otbot  dug*  tronsfor  procosooo  sbieb  lsooo  lonilod 
or  incited  spoclss  cbot  cos  bo  monitor odl ,  21  ooorCT 
cransfer  ptoeossos  (loot  ranye  lstorsetlons  or  sboeksovo 
oseltatleo  sbieb  oselto  tbs  prosed  stots  rsdlcnl) .  sod 
4)  losor  Induced  fluoresces c*  (Lift  tbs  esclcotles  end 
sabooqsont  t emission  of  species  Tie  apeieel  escltetlon, 
l.e.  User  I.  Of  tbe  tsor  processes  seatlosed.  tbs 
prouinq  of  procmd  seers  rsdlcols  Tie  LIP  hoe  pertleulsr 
•ppesl,  beesuse  tbe  technique  con  provide  informstlon  on 
quontoa  systems  sltb  minimum  pertorbstloo  of  tbe 
ensemble.1  It  is  limited  by  the  eeaeesiblllty  of  tbe 
desired  redlstion  serelenqth.  end  tbe  msenltude  of  tbe 
trensitlon  eouplinq  sstris  element.  Tbs  simple 
equstlons  sbieb  relste  the  LIP  emission  intensity  to  the 
▼srioss  qusntom  petsmmters  ere  risen  belos.  If  risen 
ebst  there  ere  »a  species  (mmber/cm1)  in  es  inltiel 
loser  stmts  (s)  end  tbst  It,na  is  tbs  intensity 
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(erq/cs2-*ee)  of  the  incident  rsdlmtion  sltb  frequency 
Ba.  then  the  Intensity  of  ensorptlan  I^"*  cos  be  tlsply 
srittsn  os 

‘on”  *  'o"Vnm‘>''„.“  ID 

▼here  sna  is  tbe  Einstein  trensitlon  probebllity  far 
absorption  end  &x  u  tbe  thickness  of  tbe  oheccblnf 
loyer  (the  incident  redlstion  here  is  resumed  to  hose  e 
constant  Intensity  oser  tbe  shale  ebsurptloa  line 
sldth) .  Subsequent  to  tbie  absorption,  s  population 
I,1>a,/(hvna)  la  fornod  la  the  ooeltsd  stato  (s). 
neqlactinq  callloionsl  affects,  species  is  state  (at  con 
•nit  radiation  at  a  rats  risen  by 

lam*  *  S^mmSm  <» 

Sbsra  Sa  is  srain  tbs  pspslatlea  la  stats  (a),  ▼„  tbs 
smisalos  froqusscy,  and  a*,  tbs  transition  peobmbUlty 
(Einstein  A  coefficient,  Aaa  is  proportional  to 
(te/VsM1  vbsro  «  Is  tbs  sstris  olsmsst  for  tbe 
trsbeltisb).  If  one  oonbtnee  aquations  (1)  end  (2),  tbs 
enlstlsn  Intensity  !„*•  U  related  to  tbe  Initial 
population  by  tbe  equation 

1em*  *  ««'Vb‘V«S  l1' 


In  ordsr  to  asssora  *n  abaolataly,  It  it  naeassary  to 
know  all  tha  corraapondiag  tarma  in  equation  (J)»  bat 
for  a  constant  I0r'*  and  iX,  tba  parantbatical  product  u 
Invariant.  This  pr  or  Ida  a  for  a  aatbod  »itb  which  to 
aaaaara  f«i*tiw  population  ehaagsa  la  atata  (a).  LX p 
•nhaocao  tba  taehmiqas  by  insuring  a  largo  incident 
photon  flua  aad  a  high  dograa  of  aonochroaaclty. 

la  this  chsptar  raaaita  ara  pro son tad  for  tba 
coillslanal  dssctlvatlon  ot  aroma  of  vibrational  laaala 
la  igbr(I)  ria  LXF.  In  |glr(X)  apaclaa#  It  la  not 
poaalbla  to  optically  aooitor  individual  transition*, 
bat  It  it  poaalbla  to  ooaltor  coo  bl  nations  of  v#  laaala 
s  laaltansoasly.  Pros  eoapotor  calculations*  tba 
rolatlvo  absorption  of  tba  atroogaat  rlbratloaal 
transitions  within  aaeb  group  ara  da tarsi nod.  Two  sata 
of  aaparlaafits  ara  dlseasaads  Tha  first  ssparlaant, 
giwas  raaolta  on  tba  tlaa  awolotlon  of  tbraa  dlfforant 
gam  of  vibrational  lawal  daaaitiaa  which  ara  qaaaebad 
by  la*  Tba  raaolta  show  that  vibrational  qoancblng  la 
officiant  dawn  to  tba  lowaat  v*  1  avals  that  wars 
aenltoradm  In  tba  aacond  sspariaant,  rwsolta  ara 
praaaatad  wbarala  tba  rata  coafflelanta  ara  asasurad  for 
tba  not  raaoval  of  vibrational  danattiaa  In  tba  lowar 
Igirfl— >X)  laaar  1  avals  (v*  -  22)  by  vnrloua  apaclaa. 


4« 


Tba  rata  coafflelants  ara  largo  Indicating  that 
daactlvafcion  of  tba  lowar  laaar  lavala  prooaada 
•fflciaatly.  Tbaoa  asaaorad  rata  coafflciantat  for  tha 
collislonal  qaai»ehin«p  ara  rscast  to  abow  sooa 
correlation  with  tba  pslarlsibillty  of  tba  qoancblng 
partnsr*  aad  fartboraorop  tba  Absorblng-fpbars  oodal 
with  vaa  dor  wools  1 star action  is  praaaatad  sa  a 
poaalbla  aobaaa  for  describing  tba  goanebing  aacbanlaa. 

immiiui 

Tba  aspsriasntal  arraagaaaat  is  shown  scbaoatlcslly 
in  fig.  (XIX-1).  Vlbrationaily  axel tad  iglrtx.v*) 
aolaoaloa  ara  prodaaad  via  UP  laaar  photolysis  of  lglr2 
vapor  at  193  iat^ 

sqbtj  *  bs(i»j  nm)  — >  loir  IP)  ♦  Pct2*^  (3) 

■«**(■)  — >  «e»rix,s*l  ♦  bv  (4) 

Different  »r»,«*  at  s*  lesels  ere  monitored  sie  Lir 
uelnq  t  pulsed  dye  leeer.  Tbe  tine  evolution  of  tbs 
serioue  .mono  of  v*  lesels  can  be  eenltsred  by  serylny 
the  delay  between  tha  phstsiysis  end  dye  leeere  and 
recordlny  tbe  cbenye  in  the  peek  Lir  elpnel. 


4! 


Ikjtfc  \ti  ~*X)  tlUOflf  SCtNL’E 

l«om  ifcjftfc  pimioiifM  ^  FARADAY  CAGE 


Tha  sasple  ehuMr.  dfttetoc  ud  recording 
electronics  are  inside  a  licqt  icrttfl  rooa  (Faraday 


fXC.  CIXX-U.  Ich— itlc  drawing  of  the  oapeelnentsl 
inufMtt.  A  typical  data*  iwo  tho 
tr  ana  loot  digltiset/slgaai  averager 
showing  LIP  following  HP  laaar  photolysis 
of  Mar2  la  Indicated  la  tho  upper  loft 
hand  corner.  Tine  evolution  la  obtained 
by  varying  tho  daisy  bits— i  tha  HP  and 
dyo  lasers.  bah  data  la  aa  average 
of  254  traces.  Tho  pud  HIT  dlaetla- 
laatofl  against  tho  *t«4*  talialoa  and 
makes  tho  at*d*  and  LIP  al^ialo  comparable 
In  magnitude. 


Capa)  which  prow Ida a  adoquata  isolation  froo  tba 
aloctrlcally  no lay  laaar  sources.  Tho  output  froo  tha 
HP  Isaac  Luaonlca.  193  no*  100  aj.  20  na  fwba)  la  aant 
Into  tho  aeroao  r'ooa  and  aotara  tha  ehanbar  un  focussed 
through  tupraall  quarts  windows.  Altar  a  proas t  daisy, 
a  Sj  laaar  poopod  dyo  laaar  (BBQ.  0.2  aJ,  0.01  no 
resolution)  la  directed  Into  tho  chaabsr  and  croaaaa  tho 
ArF  laaar  at  right  angles  la  tho  castor  of  tho  chaster, 
LIP  la  observed  at  right  aaglos  to  both  laaora  using 
olthor  a  tolsacops/gatod  PUT  (Oil,  MSI  OB.  1(5-900  ns, 
10  no  rlas  tlso  and  l»i  gats  response  tlso)  arrangoaont 
or  a  taloocops/sosocbrosator/PWT  (BCA,  1575*  240-MO  ns, 
3  na  rlso  tins)  oat  up.  Tho  nonochrosator  (Jarrel-Ash, 

2  ns  roaolution) . sad  gatad  PUT  aro  used  to  dlacrialData 
against  tho  •—  >«  aslaalon  fros  rooctlon  (4).  signals 
from  tho  PUT  aro  dlgltisod  and  averaged  (feioaatlon, 
Traosr  nor thorn,  10  oa  gat#  or  tho  nieolot.  100  na  goto) 
until  adoquata  signal  to  no iso  (S/BI  la  obtalnad.  A 
typical  signal  sworagod  do tun  la  shown  io  tho  cornor  of 
Pig.  CXXX-l). 

LIP  experiments  or#  usually  plaguod  by  copious 
a soon to  of  seattorotf  laaor  light.  To  allowlato  this 
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Peebles.  it  teconos  of  porasotmt  isportanco  to  doalgn 
and  build  a  fluoroaesneo  chaster  wboro  acattorod  light 
can  te  offlciontly  rsjoctod  (Pig.  (IXI-l)).5 

Tho  square  'pill boa"  la  tho  cantor  has  a  volume  of 
20x20x20  c*3  and  la  nada  of  black  anodlsod  al  uni  nun. 
Aluslnos  can  te  oaslly  nachlaod  and  has  roatonabla 
corrosion  ratoa,  whos  in  contact  with  aorcury  con pounds 
(Tnblo  (XXX-1)  gives  sons  corrosion  data),  on  top  of 
tho  ehashor  thoro  is  a  earofully  aacbinod  flango  which 
satos  with  a  telescope,  tho  o  owe  nh  reset  or  and  gatod  put 
apparatus.  In  tho  telescope  tact las  thoro  act  also 
throe  trays  which  allow  quick  Insertion  of  filters. 

Ian  non,  ate.  in  tho  observation  path.  Tho  four  area, 
oeeb  44  cs  long*  aro  structurally  tel  tod  to  tho  chaster. 
Thorn  aro  alas  0  ring  sasls  which  allow  owacaatlon  of 
tho  aras.  Is  each  an  thoro  aro  several  baffles  placed 
In  soqnsnco,  each  baffle  in  tho  saqoonoo  has  a  slightly 
snail tr  aperture  site.  Laser  light  eater lag  the  ara 
gets  gentloy  ta pared  by  tho  segeenee  of  baffles.  The 
ebenber,  tel s scope  and  ana  sffteiantly  reject  all  forna 
of  scattered  light,  allowing  the  convenience  of  doing 
taper  looses  with  tho  roes  lights  on.  Inside  tho  chaster 
and  in  ona  earner  la  a  glass  cuvette,  it  la  filled  with 
glass  beads  (2  oa  01s.  to  enhance  gaa  mixing)  and  the 


VtMLt  (III-l) .  Col  tarn  ion  Mil  lot  ««tH  and 

No  mull  with  »i j  and  Hit,.’ 


HftClU/ 

»*2 

sqhtj 

nonitecele 

ip*atr*tlon/y**rl 

(p*ntr»tloa/y*ar) 

Mmiom 

<20  all  la  (40-210oD 

>50  allla  lid-ioo^r 

Tkatnlm 

<1  cilia  <40-100®T) 

<2  *111#  («*-200°f> 

>50  *iii«  (#o-iooay> 

Broai 

>50  allla  (40-U0°ri 

Copper 

>50  aiUa  itP-loaOy) 

i  Steel*  JU\ 

<20  allla  (40-140°?) 

tocoelUeete 

(non  eecelt 

rest  arrant  (40-200°?) 

resistant  140-100°* 1 

*ltaf*r*nc*  14). 


pnothtraqaants  contribute*  only  a  vary  anal:  aaount  to 
to*  ou«n4  quench  In?. 

Iqtt2  ih  Sun  analysed  «**q«nt  dead*  and  all  other 
UHi  at*  ill  CO  r*a*arcO  qrsd*  aim  . 


SqOrtf)  nolecul**  in  hl?h  vibrational  l***la  at* 
produced  *1*  laactlona  11)  and  14).  Th**«  ap*cl*a  ar* 

subsequently  daaaeittd  by  aolaenlar  colllalona  and  tbit 
calaxation  can  b*  »onltor*d  via  ur  (to*  different  »■ 
l*v*l*.  dine*  tb*  dy*  l***r  Bay  tlaaltan*au*ly  tacit* 
aol*co»*  fro*  ****ral  **,  tb*  a*aaut*a*nta  ptevld*  only 
tb*  tla*  miction  of  croon*  of  v"  l***ia.  Tbl*  can  b* 
t**n  In  flq.  (UI-2) ,  whtr*  shown  at*  tha  vibrational 
l***La  which  at*  alaultantooaly  aonltotad  at  tha  prob* 
fr*qo*ocl**  u**d  in  tb*  *rp*tla*nt.  Is**  appandlt  a  for 
a  toaaary  and  disco  talon  on  th*  calculation*  In 
qmoratin?  rtq «.  <2z2-2(«- d)h  Tbl*  ow orlop  ol  various 
vibrational  ttaaalttona  la  unfortunate,  but  Inevitable 
qlvan  tb*  blah  atat*  and  spectral  danattlaa  of  agSr. 
Thro*  prob*  frequencies  vote  uaad,  they  correapond  to 
blqh.  lnt*ra*dl*t«  and  low  v«.  riant*  (Itt-1)  abow* 
data  wharain  tb*  tla*  *volutlon*  of  tb*  the**  atoupa  of 


soar.  s*aplo  (whit*  po»d*r>.  Th*  cuwatt*  1*  ala* 
wtappad  with  alehroa*  wire  which  allow*  tb*  «*apl*  to  b* 
h**t*d  to  rtaparatur**  **ea*dina  JT3  *  (Ido  »Tocr  of 
Boat.).  Ouonchina  a***n  at*  hrooa«t  1*  froa  tb*  bottom 
of  ta*  cu»*tt»  and  ala  with  Soar,  vapar.  Tha  tataratad 
aaa  «tlt*  throuqb  a*v  *r*l  flna  iwnlss  i  oca  tad  oa  top  of 
tb*  carat t*.  Th*  nosalM  ln*ur*  that  a  alow  flow  of  tbo 
alttarw  will  ptoo  directly  throw**  tb*  observation 
r**loa.  Th*  ehanhar  and  arw*  ar*  *»*onat*d  anln*  •  500 
i/a  In  roa«h  pomp  with  •  liquid  *7  cold  trap  filled  with 
copper  curnlnya.  Tha  cold  trip  sorvoa  ta  bath  protect 
tb*  pomp,  by  trappln*  oat  eorrbslv*  ?*»•*  *ad  ala*  t* 
Inhibit  oil  vapor  fra*  tb*  pomp  in  t**c*lay  th* 
flaaraaeanca  ebaabar.  Total  ptaaaat*  In  th*  chaabar  t* 
naaaarad  with  a  capacttaac*  oanoaatar  !M*  111  aa-r-10) 
and  '.vapor cur*  1*  aaaaarad  with  a  tbataaenapl*  loaatad 
at  th*  wit  port  of  th*  cwwottt.  Th*  ebtnbar  it 
santinaooaly  panpad  tn  ordor  to  alnlaia*  s*ar. 
candonaatlesi  on  tb*  valla  and  th*  laitq  baftlad  ara* 
farthat  ptaaant  eaedanaatloa  an  th*  window*.  Th# 
pi taant  atparloanto  wot*  dao*  eltbat  lid  *  or  115  I, ' 
proaidln*  a  a*at  danalty  of  apptatiaataly  1«1J  and  Id11 
en*1.1  it  tbl*  dan* 1 ty  of  patant  tpacia*.  qaanehinq  of 
aaarix.v*)  by  uadlaaaaiatad  parent  aolaoala*  oc 


HO.  IIIWI  .  Conpatar  calculation*  of  tbo  ebeorption* 
of  venous  band*  for  ttf  ee  («/  13.141 
an*1,  (b>  24,45a  c*'1,  and  <e)-<d> 

11.51*  c*~2 .  ibaarption*  follow  a  bund's 
caso  la)  ceupllnq  *cb«a*  fat  a  2 1*  -  3" 

transition  la  B*7**r.  Lina  tttenqtba  era 
fro*  toveea*  sod  tn*  earva*  **rs  )*n*r stvd 
by  euaninq  120  rotational  lovola  at  s 
teapacetur*  of  300  K.  Th*  eboarptlon*  of 
tb*  otbat  abundant  isotope.  Bq*2Bt.  ar* 
shift *d  2  as*2  to  th*  blu*.  In  lei-lc). 
t  flat  dlotribotian  of  v*  population*  is 
used  ta  indiest*  tb*  larqaat  frsnei-Condnn 
factor*  nsat  th*  praho  frequency.  In  id) . 
nascent  *•  populations  produced  *1* 
reaction*  (2)  and  IS)  ar*  u**d.  s»r*. 

inarm  V  population*  ar*  napped  onto  tb* 
*’  l*v*l*  u*inq  mown  rrenck-conden  fac¬ 
tors.  pee*  that  **ch  qroup  of  v*  baa  its 
own  sat  of  achltrary  unit*. 
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*•  levels  at*  aonltored.  vibrational  deexcl  tatlio*  la 
do*  to  collisions  with  Be  la  th*a*  experlaencs.  The 
concents a tiloa  of  !■•)  is  eocb  itMtit  than  [BgSr^]*  *o 
deactivation  by  par  as  t  specie*  is  trpvcttd  to  have  a 
negligible  *f f act-  The  temporal  shapes  shown  in 
Pig.tIII-3)  at*  eostples,  especially  for  Pig*.  (XXX-3b 
and  3c).  Although  atata  specific  rat*  coefficients 
cannot  be  attracted  fro*  so  eh  data*  that*  ar*  several 
relevant  cocci us lona  which  caa  b*  drawn  and  thaa*  ar* 
stnaaarlsed  her*. 

(il  Pot  v  a23*  34 2  e**1  (the  intarevdiac#  oraap) . 
on*  primarily  aonltora  v*«?  and  I,  with  saallcr 
contr lbo tlona  fro*  rM  and  11  (aa*  Pig.  (IXI-2*)). 

Thaa*  level*  ar*  scantly  populated  at  t*M>,  bat  develop 
iergar  popaiatilona  as  th*  highar  v-  levels  ara 
sfficiently  deescited.  Th*  ria*  portion  of  Pig.  (XXI- 
3b)  depicts  the  filling  of  the**  levels  fro*  upper 
vibrational  states.  The  ria*  tia*  of  th*  signal  varies 
with  ;  Be  I ,  and  the  slop*  of  TC^M  »*.  tie)  is  linear  and 
equal  to  2.Sal07a"lTorr"“i  (ae*  Pig.  (II1-4)),  This 
indicatas  that  aoleculea  are  efficiently  transported  to 
interevdlat*  vibrational  levels*  bat  It  1*  not  possible 
to  infer  state  specific  rat*  coefficients  fro*  such 
data.  Th*  rather  flat  region  (t  >  5  us)  la  interpreted 
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fig.  (XII-J).  Time  evolution  of  the  peat  Llf  signal* 
eoaltored  by  varying  the  delay  between 
photolysis  sad  dy*  lasers v  two  is 
coincident  with  the  termination  of  the 
ArP  laser  output.  The  dy*  laser  probe 
frequencies  are  (el  lf.f24  c*"1,  (hi 
23*3(2  cm"1 ,  (el  24. (J»  em~l.  BM»  P»lot 
In  (a) *  and  the  rise  portions  of  (b)  and 
(e)  represents  aa  average  over  204t  laser 
firings*  while  512  firing*  were  adequate 
for  points  in  the  flat  portions  of  (b)  and 
(e).  Tbs  data  shown  in  (a),  (b)  and  !c> 
ara  offset  fro*  one  another  for  conven¬ 
ience!  vertical  scale*  (in  arb.  units) 
are  valid  each  of  thee*  sets  of 

data  bat  net  faetu— n  different  sets  of 
date. 


1VN9IS  in  *xr3d 


PIG.  (III-4).  A  least  squares  fit  of  the  *10111*1  rlaa* 
portion  of  th*  curve*  in  Plg.(XXI-3) 
vs.  Be  pres ears.  The  rise  portion 
describe*  filling  of  vibrational  levels 
which  are  originally  scantly  populated. 


§1 


•«  •  quasi  itHdrniti  situation  la  which  aolacolaa  act 
vntarlnq  and  laawlnq  lntaraadlato  w*  laaala  with 
conparabla  racas.  Although  not  shown  In  Pig.  (Ill-Jb), 
Tha  LIP  signal  falls  ratbar  qnlcfclp  following  tha 
■flat*  portions  abova  la  Pigs.  (UX-Jb.lc)  (nat  raoowal 
rata  coofflclsnt  -  4*10®i~^Tatr~*l.  This  la  In  farthar 
agraonant  with  tbs  flat  portion  depleting  a  goaal- 
staady-stata  altnatlon. 

Ull  for  j  -24,(5*  e»'1  ooo  prlnar lip  oooltora 
*'•4.5  and  7,  with  aanUlar  contrlbotlo na  froa  »*-J  and 
12  fans  Pig.  (III-Jcl.  Onalltatlwaly  cba  bahawlor  la 
tha  aana  as  with  -23,2(2  cn“^.  Indicating  that 
aolaculss  ui  rapidly  transportad  to  thoao  low 
▼lbratlonal  lawala  bp  eoUlalena  with  Is. 

(1U1  Pot  v-  15,124  e«'1,  (high  w*l .  Tlhratlonal 
lawala  with  **>22  ara  noaltorwd.  Analysis  of  chaos 
statas  ragairaa  aora  earafnl  ao  rot  lop  baaaasa 
•lbratlonal  lawala  naar  w*-22  alao  datlna  tha  lowar 
■gird— >11  laoar  lawal.  In  Pig.  (til- 2d)  tha  ralatlwa 
abaorptlona  of  warloaa  haada  for  LIP  at  15,524  cn~l  haw# 
boon  calealatad  ualng  nnewit  w*  lawala  prodaead  via 
raactlona  ())  and  (4),  Thus  ground  atata  dlatrlbutlon 
la  darlwad  by  sapping  tha  naacant  w*  lawala  onto  *■ 
lawala  using  tnowa  Pranc* -Condon  (actors  10  (ana 


snwaral  distinct  pathways.  It  la  laportant  that  tha 
colllalonal  ralaaation  of  ■g*r(B)  ho  alnlaitod.  By 
using  low  eoncanrratlona  of  *£,  ono  could  ho  raaaonahly 
aura  that  tha  probability  of  a  collision  and  poasiola 
daactlwatlon  la  aaall.  Tbs  raaowal  of  Bglrix,*-*’  hy 
colllalooa  la  coaplaa  and  can  ganarally  ha  caprwaancad 
by(  for  a  glwan  at. 

1 

d/dt  |lgSr(X,w*))  •  £  (aBT,*l,T" |«g»r  (X,w**i)  | - 
‘-1 

t,T  '  *M»»in*.w»iimi 


r 

i-i 


>5) 

|tNT,,,’'J!hg»r(X,w*H  - 
ksT’*^’T"l»g»r(x.w*-5i ] 1  in) 


whara  w*  la  a  particular  vibrational  lawal  of  ■gSr(X). 

la  tha  rata  coofficlant  for  collslonal  anargy 
transfer  froa  tha  atata  v*M  to  tha  atata  »*,  and  :  and 
J  represent  tha  aaxiaoa  nuabar  of  participatin')  atataa 
abova  and  below  v*  respectively.  It  was  aaeuaed  that 
all  quenching  la  via  eolllalona  with  H  and  tbat  tha  rata 
of  diffusion  out  of  tha  laaat  beeas  la  aaall  coaparad  to 
tha  rata  of  colllalonal  quenching,  which  la  true  under 


t ha  condltlaa  of  eh*  arparlaant.  equation  (5)  Um 
both  forward  and  lantN  piectHM  a  Inca  eh*  Vibrational 
quanta  at*  vary  aaall  (lag  en'1  at  v*-22  ,  vltb  «T-  ]«9 


*lth  both  aaorea  and  loaa  ear**  La  aquation  (SI.  it 
baeaaaa  lapaaalbl*  ee  OataruUM  atata  a  pacific  rata 
coatfleiaata  hr  aaaaarlnq  IHtetX.rV!  III.  bat 
fortunately,  by  doing  LIP  at*  a  lf.nl  on*1  oaa  raallr 

proboo  **>2a.  aa  it  la  than  paaalhla  to - r  i  tha  sat 

ran  oval  of  IqSKX,*')  through  V-12.  Tb*  a  agar  Inapt  at 
aignala  do  aim  exponential  decay  (aa*  Pig.  (MX-J)| 
aupgortlng  thaaa  cal  cola  e  Iona  which  aha*  v**12  to  ba  tha 
lovaat  vibtaelooal  laval  probed  la  tha  aoaaabla  (aa* 

Pig.  (XXX* 2) |.  Tha  ranoaal  of  Sghr(X.r*|  by  a  apaciaa 
can  ba  fit  by  tha  aquation. 

*’n  *  *ni"l  <«) 

•bat*  t„  baara  no  tlapl*  ralatlonablp  to  tb*  I  la  tq. 

(SI.  Naaartbalaaa.  t„  ladleataa  qualitatively  eh*  rata 
coefficient*  of  (q.  (4)  and  la  la  fact  tha  aora  ralaaant 
par aa a tar  aa  far  aa  agar  laa*r  oparatla*  la  coo carnad. 

Typical  data  froa  which  *„  arc  darla*d  hr*  aha**  In 
Pig.  (XXI*«t  and  th*  raaulta  arc  lanaarltad  la  Tab  la 
(1X1*2).  Tha  rat*  ceafflclanta  at*  vary  larq*  far  all 
tb*  quancttinq  apaciaa  uaad.  Than*  vary  larg*  rata 
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PIS.  (XXX— 51 .  Tin*  evolution  of  th*  peak  lip  algnal 

aa  aonltorad  by  varying  th*  delay  between 
photolyala  and  dy*  la aura,  each  point 
rapraoant*  an  avaraya  of  S12  trace* »  with 
th*  origin  of  th*  tin*  acal*  coincident 
with  th*  tarnlnatlon  of  th*  Arp  I a  oar 
pula*.  Th*  data  ahoan,  war*  tataa  with 
1  aTorr  Bgar,  and  1.2  Tart  n-j. 


PIG.  (1X1*4) .  Typical  data  Iron  which  nT'-22  «or  u 
ara  derived.  Tha  corvator*  at  low 
praaanra  ebowa  tha  affect  of  It  In  Unit¬ 
ing  diffusion  of  Igar  froa  tb*  obaarvatlon 
rvgioa.  allowing  for  randan  and 
lyaeaatie  arrota,  th*  uncertainty  In  tha 
■lop*  la  i  10b. 


time  |/is) 


Ar  PRESSURE  torv.lSSSKJ 


coefficients  for  tbo  not  ram 1  through  r’*ll  Indicate 
that  tba  Invar  igbr (■ —  >11  laaar  levtl  la  aary 
atflcleatly  daactlvatad  la  tba  laaar  aevirosaant  and 
tbare  aboald  ba  no  aalf-taralnatlon  of  tba  laaar  oarpot 
dot  to  'aataatabla*  vlbtatlonally  aacltad  aolacnlaa  la 
tba  ground  aloctronlc  atata.  putberoote.  la  tba  laaar 
aaairoaaaat  (anveral  ata.).  vibrational  ralaaatloa  of 
tba  antlro  I3J* aaatfold  »111  ba  coaplata  la  a  fav 
na.  Thorn,  la  any  practical  (par  laaar  daalea.  aaergy 
can  ba  attracted  froa  tba  laaar  area  abac  toning  to 
Itapaaaclaa  other  tbaa  tbeaa  vltb  tba  higbaet  pain. 

Blacpibiaa 

it  la  ottaa  planning,  at  leant  froa  a  paraanal 
point  of  Tlav.  to  rationaiiae  ona'a  aaaaoraaanta  in 
light  of  otletlng  theorist.  Ala  la  aa  unusually 
ardoooa  taak  la  tba  praaaat  aitaatlon  and  only  ear tain 
feature  vlll  ba  aeatloaad  vblcb  aaaa  raaaonabla  and 
earth  pointing  oat.  rirat,  tba  aary  aaall  vibrational 
quanta  are  conaiatant  vltb  officiant  vibration  <— > 
tran elation  oaebanga,  vinca  Igbr  raatotlng  forcaa  era 
eoapacabla  to  tbo  Ipdrvn  forcaa  aapariancad  dating 
eollleloaa  (T-lo**  dyne,  aaa  Appemdle  C).  Second,  agtr 


TAblE  fill— 3) .  rata  coefficient!  and  probabilltlea 

for  tba  not  roovtl  of  apbrd,  v*-221 . 


quMcdliif 

c  9*1  coefficient* 

proUfUltf1' 

,B  polar- 

•P*C1H 

(335t)  U  unite  at 

liability1 

10~U  cm3 

unite  of 

mlae-la-' 

10-3*  c-3 

If 

4.4 

0.014 

9.2#* 

«• 

C.f 

0*294 

9.400 

At 

11 

0.49V 

l.M 

Kr 

11 

0.975 

2.49 

X* 

14 

0.974 

4.9* 

*2 

11 

0.114 

9,79 

»2 

1> 

0.442 

1.7# 

U 

0.149 

1.49 

*«o  aatlaato  aa  arparlaaaral  uncertainty  of  UN, 
Including  roadoa  oad  pooalblo  eyotabotle  erroro. 

BTbo  probability  far  tbo  not  roevil  of  lgtt(a,v*-U) 

lo  dotlnod  by  »•  — ■  ■■  •  t/f(*»r/w  )1/J  (r-vtg^ .)J1 

(VVO*) 

•boro  t  la  tba  rota  coefficient. u  la  tba  oalllalca 
radoead  aaaa,  and  r„  and  r|y(r  aro  tba  gaa  kinetic 
radii. 13 


baa  a  large  dlpala  aoaant  II. ID)1*  and  the  trends 
manifest  In  Table  (III- 2)  sbov  an  interesting 
correlation  boteoon  polar  liability  and  anargy  tranafar 
probability  loan  Pig. (111-7)1.  The  oboorvod  trend  given 
confidence  to  try  t eating  tea  appropriate  quarrelling 
oodele  tor  tba  deactivation  of  IgbtlX.v*)  apocloa.  both 
aodola  u«e  tba  attractive  van  Par  vemla  dlaparalon  force 
(-Cg/r*)  os  tbo  ibtuoctlaa  potential,  pot  tbo  alaplo 
caoo  of  tvo  Interacting  partlclee.  tbo  goe aching 
oechtalsb  la  tbo  flrat  nodal  (Orbltlag  model)*’15 
aaooaoo  that  a  fraction  of  *  of  tboaa  Inooalng 
trajectories  vltb  initial  tinotlc  energy  r  vblcb 
caraoaat  tbo  cortrlfogal  barrier  load  to  gnoncblog.  Ttv 
effective  potential  end  tbo  croae  section  uo  given  by 
tbo  apnotlob*. 

7eft  *  iCg/r*  ♦  (7) 

Og  •  «  b3  •  «v(l/2nJCg/»)1/J  (•) 

An  position  of  tbo  barrier  (at  r#l  an  veil  an  tbo 
critical  Inpact  potuotor  b,  for  energy  i  can  be 
determined  by  the  eibbltaneeee  relations  (Vtyfls  *  E  and 
l4V,„/drl.  -  0. 

Closely  related  to  tba  Orbiting  nodal  io  tba 
Abesrblng-tpbere  modal.4,11*1*  vblcb  attunes  that  mix 
collisions  ranching  a  critical  distance  rt  lead  to 


polar  labilities  are  tabs*  froa  Kof.  (U1. 


fIG.  (111-7).  The  probability  of  net  caotil  of 

9gbr(X,»*-22)  r*.  polar  lab  il  ity  of  th e 
qaencblaq  soltcule.  Th#  probabilities 
them  4a  almost  aoaotanlc  increase  with 
lncreeilnq  polarizability. 


quenching.  Dalit?  Eq.  {7},  the  croaa  section  for  tbo 
Absorbtnq-fphers  nodal  ta  qlvea  by t 

«q  •  wb*  ■  *te2(lvCq/(*rc*) )  <» 

by  calculating  tbo  Cg  la tor action  eooffl clout  for  the 
various  quenching  partnora  of  sgtrd.r*),  on#  can  tost 
to  too  vhich  nodal  aora  closely  resembles  the  quenching 
of  Bglc(X,v#).  k  plot  of  1o(0q)  at.  la(Cg)  pradlets  • 
slop#  of  1/3  for  tbo  orbiting  eecfaanisn,  and  unit  alopa 
for  tbo  Abeortoing-fpbere  nodal. 

Tbo  aspoclnontal  results  of  Tabla  (ZII-2)  vara 
plottod  against  calculated  Cg  coefficients.  Tbo  3Q  vara 
calculated  using  tbo  eolation  ^  •  kN/<vR>,  vbata  la 
tbo  naoaorad  quenching  rata  coafflclant  and  <vR>  ia  tbo 
average  collision  velocity.  Tba  c(  coaff lciants  vara 
calculated  using  tbo  London  formula.19’20  Tba  London 
formula  gives  values  vhlcb  are  found  to  ba  13-20% 
anallar  than  tba  acre  raliabla  Sleter-KlrUvood 
f omuls.19  Tba  Slator-Klrfcvood  formula  van  not  used 
because  it  is  nora  cunborsomo.21  This  discrepancy 
betveon  formulae  van  removed  by  Incroaainq  all 
calculated  C6  values  by  20%.  Listed  belov  art  tba 
aquations  used  and  Table  (ZZZ-1)  lists  tbo  necessary 
parameters  «nd  results,  for  tvo  intsrsetinq  species  (a) 
and  (b) ,  tba  Cg  ia  glean  by. 
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CM.  — 

2JT)jg6H  >0 


lOAOvuaj  ou  ;o  uotsii|00  j»d  Aii|iqoqojd 


TMLE  till-]).  Th.  C4  eo.f*lel«nt«  far  eft.  interaction 
at  Itfi (X,**!  ♦  «. 


Quenching 

Pol.rlr- 

lonl- 

Css 

C« 

s peels a 

•biutr* 

s.tionb 

U105t 

<sl0~57 

(10'a4c«3) 

NtntUl 

ecga-cn9) 

•rgs-cm* 

(10'ia«9»» 

Sq»r  «S.0e 

1.94d 

737.0 

Is 

0.204 

3.92 

0.0144 

0.309 

fle 

0.40 

3.43 

0.0494 

0.590 

Ar 

2.44 

2.3  2 

0.41 

2.10 

rr 

2.41 

2.24 

1.23 

3.00 

xe 

4.04 

1.94 

2.14 

4.99 

*2 

0.70 

2.47 

0.134 

1.00 

"2 

1.7# 

2.49 

0.49 

2.23 

°2 

1.40 

1.93 

0.44 

1.90 

**ef trance 

(13) 

Reference 

(9) 

eXef stance 

(22) 

Reference 

(23) 

ta*/»b,ct>6J  ,10> 


c,  ■  cu  >  * 

•ad  uslnq  tba  London  fonoiif 

CM  •  J/ato,1)  (l.»*  (11) 

wharaaa.  ub  *r«  tba  ritpaetln  polarlaabUitlaa  (at 
apaelaa  (•)  ud  (b),  (i.»)  la  tba  apaelaa  Ionisation 
potential  tad  Cu  et  art  tba  Ca  tat  Ilka 
latatactlaaa. 

In  Cigars  (ril-ai,  a  plot  of  la (oQ)  an.  La(C,) 
•boat  tba  data  ta  ba  aata  la  allgncent  with  tba  llaa  et 
alopa  1.  although  eaxieas  appcoaiaatloas  aata  oaad  ta 
testing  et  tbaaa  tve  quenching  aedals#  tba  ebaaraad 
naatly  llaear  dapaadaaea  at  Jg  aa  Cf  eeald  laply  that 
tba  abaerbiaq-kpbara  aadal  la  aara  appropriate  tax  tba 
quaneninq  at  vlbratloaally  aaeltad  Iqbr(Z)  apaelaa  by 
tba  serious  reaqenta  tested.  Tbla  taaalt  glean  f orther 
cradanca  to  tba  data  that  agar  restoring  fateta  art 
coaparabla  ta  Igbrail  Corea  a.  la  aaeb  collisions,  ooa 
axpacta  a  LI  inconlng  trajactoclaa  aad  net  just  a  partial 
fraction.  ablcb  paaa  tba  etltleal  distance,  ta  lead  to 
quench lnq. 
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riS.  Ill-*) .  »  plot  of  tba  cteaa  section  j 

aa.  tba  C(  Interaction  coefficient. 

Jin  defined  by  k/<a>  abate  k  la  tba 
measured  quenching  tats  eaaCfleiaat  aad 
<»>  la  tba  aaafaqa  caUlaloa  salacity 
daflaad  by  <a>  •  (tkTAw  1 1/2  abate  u 
la  tba  eelllalea  radaead  aaaa  and  T»  1J5  t. 
tba  solid  lias  baa  obit  alopa  ablla  tba 
daabad  is  draco  aieb  alopa  1/1. 


APPMdll  Al  anti  In*  far  IlialbtlQn  Qg 

«MBfPtlan  Ox  uc  at  mlaiu  baodi  la  aaatix:I*i/2>  ■ 

katbar  than  joat  display  tba  coapctar  proqtaa  used 
la  tba  alaolatlea  studies,  it  la  perhaps  batter  ta 
outline  the  ctaclal  at ape.  Hating  tba  laportaat 
aquations  aad  dlacussla*  tba  llaltatdona  and  raaolta  of 
tba  coapctar  program.  la  tbla  appendla  aa  aetllaa  la 
presented  for  a  la  ala  tins  optical  traaattlaaa  Croc  a* 
atataa  at  ta  a*  states  at  (P1^^)  In  *g7,br. 

It  la  aspect ad  that  tbs  waaalanqtba  far  all  alailar 
tranaltiaaa  In  tba  ether  abundant  Isotope  Iq'^Br  sill  as 
shifted  toward  tba  bias  'higher  energies)  by  1  cs*1. 
hay  realistic  aaalysia  of  optical  absorption  In  Igtrixi 
sure  Include  isotopic  affects.  Tba  foil  owing  analysis 
is  prepared  only  ta  abac  tba  general  absorption 
characteristics  of  tba  radical  IqPr.  Tba  influence  of 
aolecalar  rotation  an  electroeic  action  are  considered 
by  using  tba  coupling  •chans  of  laad’a  case  (b>. *  in 
this  ease  the  spin  S  sector  la  elthac  weakly  er  net 
coupled  to  tba  lnternuelaec  ails.  Tba  total  angular 
aenentea  apart  traa  rpin  ir  deal  gnat  ad  by  tba  latter  r. 
Inclusion  of  the  spin  S  sector  causes  a  2*»l  splitting 


of  each  R  a  to  to  (J-l+II.  for  a  2I—  >2I  transition, 
thoro  appears  two  It  (J— >JolJ  branches  and  two 
f  (J— >J-1)  branches.  using  known  spectroscopic 
constants,  mw  coo  wrlta  the  rotational  tors  value*  for 
the  Rund*s  com  (bl  coupled  eolecule.  Tbo  two  aocloa 
(J-1/2,J*1/21  are  9l*oa  by. 

rl(*,-r(J*l/2)  -  tfl)  -Oyl2 (!♦!) 2-l/2v («♦!>  (Al) 

f 2 {RJ j-i/j)  •  >W(1*l)-a*ia(*41)2»l/2yI  (A2) 

where  By,  Dy  and  y  aro  tbo  spectreacopla  couuata  and 
vQ  la  tbo  bond  origin.  Gain?  fj,  fj  tbo  following 
equations  display  tbo  f  and  R  typo  traaaltlona  botwoon 


various  energy  a to to*. 

»1  -  ♦  fjMI-lJ  -  rxm{t)  (A3) 

*2  «  vQ  ♦  ' (*♦!>  -  Fj" (I)  (A4) 

?2  9  ■»o  *  *2*11-1)  -  f2’(K)  (A3) 

*2  *  v0  ♦  *V(**1>  *  Pj* <K)  (AC) 

In  geoeral  tbo  lntanalty  for  aboorption  *la  dlpolo 
tranaltioa  botwoon  two  oloctronle  states  la  <3 Iron  byt 


i(v>  -  CbT.(*tv* 'r")2i<*' !**>i2Sj.j«(o“PtJ",/UT) )  (A?) 
«rO* 

wboro  ky.  la  tbo  population  in  tbo  ground  vibrational 
a  to  to  *•,  aco  derived  froo  mown  r  centroids,24 


<v*  *•>  2  aro  tbo  franeb -Condon10  factor*,  and  Sj.j«  la 
tho  lino  strength.  Tho  axponont  tarn  give*  tbo  rolatlvo 
number  of  eoleculss  In  tbo  different  rotational  atataa. 
3r  and  Qy  aro  tbo  a tat*  vibrational,  rotational  aaa 
(partition  function),  and  C  la  a  constant.  In  tbla 
emulation  tbo  *lbratloaal  popolatloa  Ky.  la  alwaya  an 
Input,  tboroforo  Qy  la  a  eta to  a am.  for  lnotanoo  in 
fige.  (II 1-2 (*-«))  all  By»  aro  initially  aaounod  to  bo 
equal,  Indicating  at  a  g lanes  tbooo  traaoltlona  wbleb 
aro  wo at  probablo  bocanao  of  large  rranex-coodon 
fact  or  a.  Tha  variation  of  with  *•  la  arpoctod 

to  bo  anall  and  in  each  alnulatlon  It  wan  aaauaod  to  bo 
constant  for  tbo  annooblo  of  v*  conn  Ida  rod.  riga,  (Ili- 
2(a-d))  show  that  tbo  vibrational  1  oval  a,  wbleb  havo 
at root  aboorption  croon  aoatlooa  at  tbo  probod  iaaor 
frequency  aro  noar  each  other.  All  french -Condon 
factors  aco  input a  into  tbo  alnulatlon  and  the  lino 
strengths,  Sj»j «,  for  — >  2 1  tranaltioa  ire  taken 

froo  Roveca.*  Tboy  aro  listed  below. 


*2  •  (**2) (fol)/(fvJ/2) 

(At) 

R2  -  (I)  (!♦!)/ (ltvi/2) 

(AB) 

fx  •  (E*l) (E)/(E+l/2) 

(A10) 

r2  •  («-ii  (i)/(i-i/2) 

(All) 

Tbo  rotational  partition  function  Qr  la  cal cola tod 


tanning  a  contlnaua  of  J  atataa  (tbo  rotational 
constant  for  Bgir  la  •  -  9.04  a**1).10 

Qt  •  kT/B  (A12) 

Tbo  spoctroaooptc  coaatants  lT*  and  By*  war a  alao  inputs 
Into  tbo  simulation,  wbilo  tbo  second  ordor  rotational 
conatanta  Dy.  and  Oy,  aro  calc  elated  using  tbo 
aquations. 

Oy  •  0,  ♦  »t(Ml/2)  (All ) 

0#  •  4»#Vw#2  ( A14) 

wbaro  l9  and  *#  aro  known  apoctrooeople  conatanta. 
toeauao  tbo  0  tom  ore  vary  anall,  tbo  program  did  not 
include  tbo  v  do pen douce  of  Oy(Dy  •  D#).  Using  equation 
(A14)  tbo  parameters  Dy,  and  Qy*  are  1.8xl0~9  and 
2.44sl0~9  respectively.  Tbo  splitting  constant  v  in 
Equations  (Al),  (A2)  is  very  snail  especially  coopered 
to  the  By  tern,  in  the  program  y  vii  aseused  to  be 
sero.  Although  tbla  makes  f1(R)-f2(R),  the  ’lack"  of 
aplltfelnq  does  not  nocosserlly  noon  that  rotational 
tarns  from  f2(I)  sad  f2(R)  cannot  overlap.  Tbo 
splitting  does  linearly  increase  with  R  <vtE*l/2)),  but 
this  effect  la  aaauaod  to  bo  negligible  over  tho  nunbor 
of  R  levels  considered. 

A  computer  prograa  was  developed  in  BASIC  which 
calculated  X(v|  for  a  nunbor  of  vibrational  bands 
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situated  near  tbo  laser  probe  frequency,  each 
transition  band  was  separately  calculated  using  a  given 
vibrational  population,  and  a  rotational  temperature. 

Tbo  calealatloaa  included  auuailng  over  120  rotational 
lsvela.  la  essence,  the  computer  progrsu  generates  a 
linear  vector  matrix  wboro  each  element  of  tbo  aatrix  is 
tbo  not  aboorption  X(v)  for  a  particular  transition  lino 
of  a  rotation-vibration  band.  Tbo  vector  matrix 
in  cl  ados  all  four  branches  (12,12,72,82)  of  tbo 
particular  absorption  bond.  Because  of  tho  largo  number 
of  transition  linos,  tbo  calculated  vector  aatrix 
contains  an  enornooa  nunbor  of  elements,  eoklng  it  quite 
impractical  for  plotting  on  any  sensible  scale,  it  vaa 
necessary  to  establish  a  natbonatlcal  slit  function, 
vbaraby  for  a  given  silt  width,  this  function  would  scan 
over  tbo  vector  natrla  reducing  tho  nunbor  of  elements 
by  averaging  ovar  tbo  silt  width,  within  tbo  slit 
width,  tho  integration  la  a  weighted  average  with  tbo 
tarn  value  In  the  eantoc  of  tbo  ellt  given  a  unit  weight 
of  1,  while  tboae  on  either  aide  of  the  center  ere 
weighted  sequentially  leas  according  to  thair  distance 
fron  tho  eenter.  Stub  transition  band  is  plotted  before 
proceeding  with  calculations  on  the  nest  bend.  All 
bands  around  a  given  laser  probe  frequency  (see  figs. 


( III— J <•— dl  I .  lu«  fcoqMitcloa  Indicated  Of  urwtl 
Ui  Mrulln4  (to  ao  arbitrary  aac  at  aitat.  lalatiaa 
aaplitodaa  cannot  ba  oOtaload  batvaaa  noformt  pteopa, 
bat  only  tum  aacb  proop.  la  ripa.  (Hl-l(a-d))  tba 
•  laulation  aanda  all  daprada  ta  tba  rad  vltb  no 
dlatinetion  Batvaaa  P  and  l  Braaebaa.  Slaan  tba  aaarapa 
rotational  conatant  I  -  0.04  ca  it  ia  poaatbla  to 
ealeolata  tba  aaparatlon  at  tba  P  and  i  branch  paata. 

Tba  aaparatlon  la  piaan  bpi 

ip,"**  •  iabT/(bc))l/J  ■  (JUS) 

at  100  r,  tnHhx  •  IJ  era*1,  indicating  that  lot  tbla 
alaolation  tba  P  and  I  braaebaa  a  ill  ba  otraaolTod. 

In  apbt.  ealeolatlona  aboa  that  ■Ti<bT.10t 
therefore  the  band  head  la  expected  to  fern  In  the  k 
branch  (shore  wavelength  aid*  of  tils  origin)  and 
degrades  toward  tbs  red.  Tbs  s  spa  rati  on  of  tbs  origin 
and  band  baad  can  ba  calculated,  and  for  ao  average  band 
transition  It  ta  only  0*12  ca*1.  So  it  is 
•spactsd  that  tbs  origin  will  aaaeatially  ba  tba  band 
head. 

Tbs  simulations  In  Pig.  (III-2)  oars  tsatsd  at 
dlffarsnt  rotational  teuperaturea  (TR  -  £150  r  around 
300  K)  and  it  was  found  that  tha  band  anapao  bad  only 


maaMii  li  Manning  of  n>«emt  y*  level  oonul*»<  ^  i  n 

flalttt2!4, 1/2)  sola  zl  ,t,tta  aX  . 

Tba  nascant  ▼'  population  diatrlbatioa  in  lgbr(B) 
art  derived  f  r oa  calculations  by  cool  at  al.29  Tba 
synthesised  distribution  la  shewn  in  Pig.  fXII-si). 

Also  koova  art  tba  Pranct -Condon  factors  for  tha  various 
v*—>v*  transitions.10  following  l—  >i  eaiaalon,  ths 
population  distribution  In  tba  ground  (X21*i/2 I  aanifold 
can  ba  cal cola tad  by  using  tba  following  sq oat Ion a. 


’’  • 

T> (hcvviT#j 

(11) 

f  (V 

•)  -  i  f(*'t 

Jr1’* 

(12) 

«  (vv,v.)3R 

#2,<v*  v*>  2 

!  83 ) 

f(V) 

■2  f(»‘i  (vT 

.r.)\i!<r>  ;»■>  2 

<B4) 

V  * 


where  Eg.  (Bl)  daacribsa  tba  emission  intsnaity  for  a 
singla  v»— >v*  transition.  nv.  is  tba  population  tn 
lsvai  v',  la  tba  Elnatain  A  cosfficisnt  for  tha 

tranaltlon  and  is  tba  transition  frequency.  Por 

a  given  v'  stats  population  distribution  such  as  f(vM 
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slight  dependants  with  tr.  Also  tsatsd  sere  tba  nonbar 
of  rotational  levals  which  are-  ■unwed  over.  At  a  given 
tsapsraturop  tba  band  abapsa  sra  quits  aanaitlva  to  ths 
number  of  J  levels  used,  bat  sunning  grastar  than  1P0 
rotational  levels  showed  no  appreciable  change  in  tba 
curve*.  All  curves  in  Pig.  (ZXX-2)  are  generated  by 
sunning  120  rotational  levels  at  300  K. 


PIG.  (ZZZ-tl).  Nascent  vibrational  distribution  for  the 
92Ti/2  ttate  of  flgir  foilwing  192  nn 
photolysis  of  Ig0r2.  Tbs  distribution 
iocluds*  processes  where  both  ir(2P1/2; 
and  ic(202/2>  are  produced.  Tba  curve 
ia  taken  f rou  Oaf trance  (25) * 


10“ 


anoniblo  to  calculation. 


▼|  . 

f(**)w  ci  f(o')  [  <v'l  ▼•>!  2  (13) 

T’~i 

Tablo  (XXX-B1)  Unto  t bo  no  mall  sod  £(V) 
distribution  using  tho  digit lead  voluos  of  tho  naseont 
distribution  In  B*£*i/2*  Tho  £  (▼*)  distribution  lit  tho 
tablo  oro  for  22<v*<49.  A  eonploto  £(▼•)  for  all  v*  was 
not  noctssary  In  analysing  tho  ssporiaantal  cosuits  of 

chaptor  rrr. 


1U 


tho  ground  stats  population  distribution  f(v*)  is 
gonoratad  via  a  napping  flvon  by  Eg.  (12).  equation 
(13)  shoos  tho  relationship  of  V,*?*  to  tho  transition 
nonont  and  rronefc-condon  factor.  loose ting  Eg.  (13) 
into  Bq.  (12)  r  ona  gats  eg.  (14)  which  rolatos  tho 
ground  stats  distribution  f(v*)  to  tho  various 
poraso(s;i  Knowing  tho  Fr an ct "Condon  factors*  Sir0) 
eon  bo  caleulotod  to  within  o  oonotant  by  sunning  ooor 
tho  contributions  frou  All  r*  ototoa.  Furtbormoro*  ooch 
contribution  oast  bo  ooltlpllstf  by  trsnsltioo 

froqaoncy. 

In  tho  calculation  of  f<v*)  for  igtc(X)»  tho  first 
ordov  approximation  was  to  only  conoidoc  a  ntnbor  of  v‘ 
statoo  shoot  tho  oaslnon  transition  osorlop  Integral* 

<?'  ymi  for  a  givoo  »•  ground  stats.  A  sun  of  4 
o'  stntoo  a  boot  i  <w»  !▼*>  lj^F  givon  a  not  tronoltion 
ptobobllity  which  is  within  13%  of  tho  truo  total 
transition  probability  (tanning  osar  all  **  for  a  givon 
v*l.  fines  noorlf  051  of  tho  transition  probability  to 
s  givon  v*  stats  conoo  f  ron  o  fsw  noarby  otatso  aboat 
soon  o',  ono  eon  also  oxpoet  that  (vv<T«)3  variation  to 
also  bo  snail.  An  analysis  rovoalod  that  (V^1 
variation  to  bo  loos  than  St  for  o  givoa  v*.  To  first 
or  doc  *  ono  eon  sinlify  Bq.  (14)  and  asks  It  ooro 


TABLE  (1X1*11) .  Tho  normal land  X2%i/2  ground  stats 

naaeant  v*  population  <U*tctb9tloa  ffv*>. 

Saloctod  v*  flu*? 

22  1.0 

23  0.93 

24  0.90 

25  O.BS 

21  0.40 

27  0.77 

21  0.73 

29  0.17 

30  0.14 

31  0.12 

32  0.57 

33  0.35 

34  0.51 

35  0.49 

31  9.41 

37  0.44 

30  0.39 
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0.21 

0.07 


:is 


iflBSSAll  ^t  llU  UlUUflft  tarcmm 

ud  tiM  taut*  louiHUd  datia*  a* Meta  »«»iit«i—- 

2^1  |g^K^ 

Oalnq  iquUflw  foe  A*  el*— leal  hnrnonle 
—dilator,  a  tlqnro  for  tta  tNtorlaf  foroo  eaa  bo 
oaulMd  viAla  u  ardor  of  naqnltvdn.  Tho  foroo 
eonatnat  for  a  bocnonic  oodllater  oar  bo  dotarolood 
trea  tbo  aquation. 

r  •  «»*« (va*el *  (Cl) 

«bor*  u  la  tho  rodoeod  oooo  (S7.TS  an  for  lq*t)3  aod 
vgse,  tbo  vibrational  froquancy.  for  tbo  utermlc 
ooelllator  Iqbr,  tho  vibrational  fraqooncf  lb  tbo  a  At* 
v*  accord!—  to  elaaaleal  theory  1*  qlean  by.1 

voac  -  «**•  <«> 

vooe  *  cl (»«"»,*,)  '  2»4«,e")  IC3) 

•Mti  v#  and  v#*.  at*  tbo  tnovn  rpoctroscoplc  conatant*. 
at  e**22.  tbo  vibrational  frequency  v  OK;(v*«12)  la  equal 
to  e(143  co*il  qieinq  a  vibrational  aprioq  eonaeaat  k  of 
(.aarlO*  dyno/em.  In  8q*r(X,e*)  tbo  naxlnun  roatorlnq 
fore*  occur*  vhon  tbo  aoloonlo  ia  at  tbo  elaaaioal 
torninq  point*.  Oalnq  tho  above  Equation*,  tho  nnxlann 
rvatorinq  foroo  r  for  Bq*r(X,v*vi2)  la  U10"4  dyna.  to 


U« 


aaka  a  tranaltion  bare  von  v*  eta  tea  a  aaallet 

?* rturbatlon  fore*  nay  only  b*  noeoaaary. 

To  calculate  tbo  foroo*  that  might  bo  axporivncvd 
do tin*  a  89*1*1  colllaion  oaually  rvquirva  undorataadlng 
of  th*  colllaion  dynanlea  and  tha  Interaction  potential, 
loro,  tbo  elaaaleal  ball  and  apxlaq  analoqy  la  uaod  to 
loot  qot  a  qwvral  *faol*  for  tbo  ibtaraetlon  fore*, 
for  a  qlvon  tranalaUoaal  onorqy  tbo  elaaaleal  colllaion 
•111  convert  tbia  tranalatlonnl  vnnrqy  at  tbo  it  apnela* 
to  potential  vnnrqy  la  tbn  ’colled'  aprioq  (hnroon le 
ooelllator  Iqbr).  A#  roatorlnq  tore*  of  tbo  porter  bed 
>prlnf  oill  define  tbo  fore*  of  tbo  colllaion.  Ala 
aonaptlon  aoaunas  a  non  adiabatic  eollloion,  on*  ebieb 
i*  lapnloie*.  to  an  adiabatic  colllaion  tbo  ooelllator 
oprlnq  bo*  tin*  to  aeeonodbf  ltsnlf  to  tbo  eollloion 
and  aootqy  traaafar  bacon*#  Inefficient.** 

at  113  (  (erper laental  tonporataro)  tbn  aenraq* 
tranalatlnaal  morqy  1*  231  e»"1  («.0*10"14  arqs).  A* 
potential  annrqy  for  a  bamenie  ooelllator  la  qiean  aor 
*  *  1/2U*  IC*> 

Svttlnq  tb*  potential  vnarfy  7  equal  ta  tbe 
tranalacleaal  enaryy  of  A*  n  opaclaa  (231  en"1)  qleos  a 
portoraatlon  dlaplacanant  of  X-O.12xl0*4e*  in  ttr 
1  dealt  tod  Iqir  ooelllator.  Vlth  Ala  dlaplaeonoot .  th* 


—aerated  fore*  r  aqaala  OiiO*9  dyna.  Ala  force  ;* 
coa parable  to  Ao  rootetiaq  foroo  at  tbo  BfSrlX.e’) 
aoloeul*  at  e'ajl.  A*  calculation*  of  Cool  *t  al.,  on 
tbo  elaaaleal  tornlaq  point*  far  Iqbr.  the*  that  a 
perturbation  dlaplaeonant  of  0.1x10"*  c*  for  e*  lovola 
near  e*a22,  ronult  ia  a  ebanqo  of  (At*  equal in q  on* 
vibrational  1*7*1. 
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EKKT  TtMirtt  r*OX  >*(f350)  TO  S9*C(23ri/:) 
Tnr.tadaouaa 

In  light  ot  *11  roeont  ad*knc*a  In  the  cbeolatty  ot 
«l«etronictlly  tceltod  ato**,1  th*r*  ha*  bun 
oonaidorobl*  rooooccb  in  th*  eoUlalonal  quenching  ot 
tael  tod  natal  ato**.2  nett  pcavteu  atadiaa,  and 
rightly  no,  h»*o  toeuaod  an  eh*  ruetlr*  and  anaryy 
traa*t*c  pathway*  anon*  interact to*  atnn*  agft 
■  ol  aoolaa.3  Thoc*  Haro  b**n  (**«c  ottoct*  In 
lriT**tl gating  inttctctlon*  between  iSOMM  sod  radio)  12- 
Tho  lnhoront  pottntial  in  radical*  tor  inactivity  oak** 
thorn  agitable  eandidata*  toe  atodi**  la  energy  eranatar. 
bat  tb*  difticoltl**  aoooeutod  vita  producing  and 
handling  than  aakaa  auc&  ceporinonta  eon*  under  aerictac 
•crotiny . 

In  thla  chaptnt,  *xpet mental  roault*  at*  pr*a*ntcd 
wherein  th*  deactivation  rat*  of  ootaotabl*  Hg<«3?0)  by 
tb*  radical  apocloa  lesr(X)  1*  naaaorod.  Th* 


dnetivotion  ot  Hg(3TD)  la  nonltorod  by 
chenUumlneocence  ot  DgSr(B)  via  th*  ruction*. 

»e(3P0)  *  sg* c 1 2 I  —V  50(250)  ♦  50*r ;5)  ’ll 
A 

sgsci*)  —  >  sgted)  *  bv  :2) 

an  wcltton,  ruction  (1)  1*  an  atooteic  proc***  vith  it* 
mar gy  transtoc  and  roactln  pathway*  being 
indiatlngutohohl*.  agnation  (1)  aloe  ebon*  only  on* 
deactivation  pathway  Iron  a  pooalbla  snltitod*.  in  rig. 
(IW-l),  u  energy  leeel  diagram  la  drawn  to  abow  varloua 
pcodnet  anargy  atsto*.  Auction  (1)  la  tbowfbt  to  he  ot 
inpoctanc*  hoc****  (1)  it  roflacts  an  latotaetion 
pntutlal  atufoco  upu  which  energy  trawefer  or  ruction 
nay  tak*  plsoh)  (2)  corralktinn  dlagrana  in  (2.0) 
coupling  do**  not  caew  to  roottlct  oc  dlullow  th* 
ruetiu  (3)  tod  in  application,  th*  aataotooi*  nature 
of  th*  aid  tod  atom,  «o(3y0)  caa  aate*  a*  an  enntgy 
rautenlt  tot  th*  wall  known  notcbty-hnlldn  lg»ri»—  >x) 
lanota.  suction  (1)  has  horn  ahutwod  tor  tb*  Chlorid* 
by  villa  a  k*5ay,4  hot  It*  rat*  waa  noear  ouaured.  :n 
tbit  chapter,  th*  arpecieantal  ruult*  can  only  placo  an 
upper  Unit  to  th*  ruction  rot*  In  tqootlon  (1).  sut 
with  tb*  uao  of  correlation  dlagranc  in  conjunction  eitb 


ENEHGY  leV) 


«e. 


(iv-l).  Inacff  level  dleqtae  (or  product  lUtn 
•hies  are  anerqetlcally  acceeethla  to  the 
Lntanctinq  pair  nil1?,)  ud 
»«»KXJ£*1/,J| .  l<»  mtff  wttnmdi 

to  tk«  flood  (cot*  tpeclaa  aa4 

■**m*X*t/j»  •  TM  loo  pair  , 

•O»r'(lr0)  i»  aioa  ahevu.  float  tta 
potential  totlte o  tot  tut  loo  pall 
croaoaa  too  tatfoeoa  which  oaaoact  aectral 
tpacito  at  tM  ooparatloo  aeaecieted  altl 
the  harpoon  xechanlxa  it*  taxt  (or 
data lit) . 


aa  approalaata  aadal  far  tMlft  tranetar.  a  qoailtatlva 
underttaadlay  of  tM  daactmtloo  aaehaalao  can  M 
praaaatad.  tM  uaa  of  corralatian  dlaqrana  alto 
facilitator  a  dlaeaaalaa  of  tM  iaportaaca  of  other 
coapotlftf  qeaochlnq  proeaaaaa. 


tbo  arparlaootal  approach  la  ikon  achoaatleally  la 
flq.  (rv-2).  Irltflfi  la  a  eaaoMr  coo  taut  lap  If  and 
tear 2 >  aa  *rf  laaar  U»3  n»>  la  oaad  to  pMtolyeo  «oOr 2 
vapor  ptodaelaq  *  tnovn  quantity  of  bqbtlbl*  which  la 
tarn  deeayo  123  no)7'1  to  loot  111  •  a  oacond  polaod 
laaar.  appaoprlataly  dalaywd.  la  toaad  tr  233.7  ra 
i!Sg  -  iJ?j  sq  roaonaneo  tranaltlen.  *q»t(Xl  vill  alto 
abaora  233.7  nnia  but  tM  croaa  aactloa  tor  rooonant 
ahoorptlan  la  If  la  1  ordara  of  naqnituda  lax  f  a  t . '  * 
mtroqaa  qaa  la  oaad  to  qaeneb  tho  *1*j  *q  atato  to 
yield  tM  #3»9  lq  aaataatahla.12  TM  daoaitr  oaad  to 
CM  aaparlaont  la  Inaelflclent  to  quench  Cqbrffl.*  TM 
deactivation  of  tq((}Pg)  la  aealtoradl  by 
oanallanlMacaaea  at  sqbtlb —  >11  u  par  taactloaa  (1) 
and  (2)i  valla  the  deactivation  rata  cooffleiant  la 
aaaaarad  Of  veryinp  tho  aqhtj  concentration  and 


in 
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5- 

5- 

4  - 

3- 

2- 

i  - 
0- 
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M«j8r»*I^  +  Hq(«'S0) 
2Vt)(«’S0)v8r(d,l>j/JJ 

Hg8r*('t$*Hg(6'Ss) 


ns.  trv-2).  tebaaatic  dravlaq  of  the  acpartaeatal 
arraagagaot.  fix  thamacooplao  (not 
abonol  are  fixed  to  different  perte  of 
tM  oaopl*  tall  lb  ordar  to  eonltor  tbo 
nop  Tatar  o  aed  lta  aolforaity.  Tba 
toeporatnro  could  bo  cootroUvd  ti  ‘  l  I 
for  long  pnrlodo  at  tlee.  both  332  and 
233.7  a«  laoora  are  apsttally  filtered 
oad  eolliaatod  prior  to  entarlnq  tbo 
cheoMr,  and  a  narrow  eaadpaaa 
Intorformeo  tutor  (  13  m  feta  )  it 
need  to  protect  tbo  Iff*  Item  ocettorod 
312  m  radiation.  TM  332  tea  laaar  la 
bloctad  lot  tboti  axpeclaoatt  vbara  (r: 
pbotolyala  la  net  naodod. 


■•Interning  the  a g  concentration  constant.  Tfco  532  am 
radiation  shown  in  rig.  (IV- 2)  la  blocked  la  this 
experiment. 

The  snap;*  chamber  raaoahXoa  a  pttvlooi  design 
(Chapter  XII)  bat  la  completely  aade  of  pyres  glass  with 
windows  aooated  using  0  ring  seals.  A  Pyres  chamber  la 
realataat  to  meat  reagents  and  can  be  designed  to  base 
reasonable  temper state  stability.  Prior  to  oner  the 
chamber  was  bated  at  300°C  to  laaero  that  aU  volatile 
coepoaado  era  removed.  It  la  also  esternally  painted 
bleat  and  completely  wrapped  with  beating  tape,  flee 
seperate  heating  tape#  were  actually  used  to 
individually  adjust  the  beet  at  varlooe  places  on  the 
chamber.  Ala#  a  eat  of  ala  thermocouples  are  strategi¬ 
cally  placed  in  the  chamber  to  monitor  temperature 
uniformity.  To  further  minimise  ceodecaatlom  on  the 
windows,  the  ares  aad  w indome  are  almeya  kept  at  a 
(•operators  which  la  higher  than  la  the  observation 
region. 

The  wet  pet  from  the  kxf  laser  [Lunacies,  30nJ> 
enters  the  chamber  umfocueeed  through  Supraall  quarts 
windows.  After  e  preset  delay,  a  tuned  doubled  sdtTAff 
pumped  dye  laser  (Quanta  hay,  hhodamiae  Sff,  23  aJ,  10 
na  fwhmi  is  frsgeeaicy  upeenwertad  (12  EDP,  haman 


Shifting  in  Bj,  lat  sntl-Stokaa)  aad  entars  tbs  chamber 
etoeeing  the  ArP  laser  at  eight  anglaa.  both  lasers 
enter  end  leave  the  chamber  through  long  area  which 
slnialses  seattsred  laser  light.  Chemiluminescence  is 
observed  at  right  angles  to  both  lasers  through  • 
t ales copo/ filter /gated  Pirr  (CHI,  MStQB,  US-300  na,  10 
ns)  arrangement.  Signals  from  the  PUT  are  digitised  and 
averaged  (Blometlon,  10  na  gate/Ttacor  her thorn)  until 
adequate  signal  to  noise  la  obtained.  Pig.  (iv-j)  shows 
a  typical  signal  plottsd  owes  savor al  exponential 
lifetimes.  To  charocterise  the  signal  and  insura  chat 
the  emission  la  BgBr(B—>u  as  pot  Equations  (1)  and 
(2),  a  aat  of  narrow  band  flltars  vers  oasd  to  check  the 
spectral  nature.  The  observed  emission  was  solely 
between  130-300  no  with  a  peak  near  300  ns.  This  broad 
emission  bond  la  well  known  to  be  Bg*r(B—  >X)i3  (see 
Pig.  (I-U).  Furthermore,  no  emission  could  be  observed 
when  either  fg  or  n 2  wee  absent  from  the  cell,  or  when 
the  233.7  na  eseltatlon  laeer  wee  detuned  from  the  8g 
resonance  transition.  The  emission  Is  only  observed 
when  both  photolysis  and  233.7  nn  excitation  lasers  are 
used  la  the  proper  aequenee. 

In  pr operation  and  prior  to  the  experiment, 
purified  mercury  was  first  transftrrsd  Into  the  chamber 


i 


PIC.  (XV-3)  . 


Typical  data  from  the  transient  digitiser/ 
signal  averager  combination.  Tbo  time 
scale  origin  la  coincident  with  the  t  ns 
233 .7  nm  laser,  aad  the  1  us  delay  is 
reqeired  in  order  to  gats  the  put 
completely  on  following  eiclmer  laeer 
photolysis.  Per  the  ease  shewn,  the 
preeenree  of  Bgitj  and  were  3  aTorr 
and  123  *Torr  respectively.  The  results 
are  am  average  of  2SI  loser  firings,  sad 
four  or  five  such  rates  are  evereged  to 
obtain  the  deeetlvatloe  rate  at  one 
temperature  (see  Pig.  (!▼-«)). 


TIME  (  s  ) 


at  ■  Known  teaperature  (310  R,  (flg!  -  1.5xlOi4ca“*1  .l4 
The  chamber  was  allowed  to  cool  and  a  few  viliigrama  of 
agBr2  was  than  placed  inside,  the  chamber  waa  pumped 
out*  then  filled  with  ISO  Tort  of  pot  if  led  Hj  and 
aealtd.  Ml  further  experiments  conducted  were  at 
temperatures  whereby  the  fig  concentration  la  tapt 
conatant.  flgir^  h«a  a  reasonable  vapor  preaaure  at 
aodeat  teaperaturea  (100  aTorr  at  373  K) .  The 
concentration  of  §qtr2  throughout  the  taper laent  waa 
solely  derived  froa  teaperature  eeraaa  vapor  preaaure 
curvet  iaee  Table  frr-1)!.  Diffusion  of  species  froa  the 
ooaervation  region  la  expectad  to  have  negligible  effaet 
given  the  experiaental  conditions.15 

teaulte 

equations  (1)  end  (21  indicate  two  possible 
channels  froa  the  various  deactivation  paths  open  to  the 
aetaeeable  Bg(JP0>  and  tha  electronically  axclted 
radical  ftgtr(l).  In  thia  expee leant,  quenching  of  the 
excieed  radical,  Of  various  photof regnant a  can  be 
neglected  because  of  the  abort  l5!*  1/2  *tete  llfetiae 
(23  ns)  and  tha  low  nuaber  denaitiae  involved. 

Nitrogen,  the  species  in  largest  concentration  la  known 


to  be  an  insfficisnt  quencher  of  both  HgBr(B)  and 
Bq(3Pg).  Thus,  BgSrdt  deactivation  is  strictly 
governed  by  spontaneous  ee 1ft ion.  Quenching  of  the 
■etaatable  Bq  by  undiaaoclatad  parent  aolecules  'Hgflr2i 
contributes  only  a  very  saell  aaount  to  the  observed 
quenching,  because  of  the  high  quantua  efficiency  of 
photodisaociatlng  BgBr2  < QC  -  1.0  at  193  nn).14  with 
nearly  100%  dissociation  yields,  the  concentration  of 
Bgtt2  in  the  observation  region  la  expected  to  be  saall. 
Thia  was  experlaentally  verified  by  aeasurlng  no  change 
in  the  Initial  photolysis  BgtrtB— >X)  anlsaion  intensity 
with  variation  In  kzf  laser  energy.  However,  HgBr(X) 
species  can  raaee  with  Br  atoes  to  fora  Br2  eoleculea. 
Since  both  BgBr(X)  end  Br  are  in  equal  concentration  the 
reaoval  of  BgBr(X)  with  Br  will  be  second  order  with 
respect  to  IHgBr(Xl).  The  rate  coefficient  for  such  s 
reaction  la  not  Known,  but  tha  reaction  la  clearly 
exothermic,  ho  LIT  experiment  wee  conducted  to  probe 
for  Br 2 '  and  given  the  axperlnental  conditions  no  LIF 
eaisal on  could  be  observed,  with  the  af orenentioned. 
Hated  below  are  the  relevant  Kinetic  processes  in 
addition  to  tboaa  of  equations  (1)  and  (2). 

,  *3 

Hg(JP0>  *  BqBr(X)  — >  hll  other  quenching  processes  '3) 


»q<3P0)  •  ;i3, j)  '  « > 

8,  ( )  *  B«j  (*S0J  -=>  »9(:S0)  *  Hq(1S0;  '51 

one  solution  to  these  equations  (Eqs.  1-5)  is  tha  tine 
behavior  of  the  radical  BgBr(B)  nuaber  density.  :t  has 
tha  general  fora, 

[■»»,(*> lit)  •  Ct.-at  -  •"**)  ,6' 

where  <s,  a  end  C  ere  constants  with  A  being  the 
spontaneous  emission  rate  of  equation  (2).  Onder  .;ie 
experlseneal  conditione  A  »  n  and  by  delaying  data 
acquisition  a  few  hundred  nanoseconds,  the  solution 
slapliflae  to  a  sensible  single  exponential  of  the  fora. 

!*,»,<■) lit)  •  c.*at 
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where  the  exponential  behavior  now  reflects  the  net 
deactivation  of  the  Bg(3?0)  aetae table.  The  time 
constant  «  at  a  particular  teaperature  la  obtained  by 
•  Imply  plotting  the  ln< (Hgir(B) ] )  versos  tine 
(Fig.  IV-3)).  The  definition  for  a  can  be  sieplified  by 
noting  that  ftgar(X)  and  Br(2P).  both  products  of  HgBr* 
photolysis,  have  equal  concentrations  for  a  given 
teaperature.  Since  the  Bg  density  la  Kept  conatant,  a 


plot  of  a  versus  (HgBrtX)l  should  bo  linear  hawing  • 
*lop«  equal  to  the  sum  rittf  ki+*3+*4  as  shown  in  fig. 
(IV-4).  The  aaaaured  value  of  this  slop*  was 
{l.TtO.iUlO'^cm^molac'1***.  To  establish  the  rate 
coefficient  for  cbo  deactivation  of  8g(3P0)  by  Bg»r(X), 
or  it  la  necessary  to  know  t4.  Proa  a  separate 

independent  txper leant  eht  deactivation  rata  of  8g(3P0> 
by  Br(2Pl  atoaa  «u  aatabllabad  (aaa  Appendix  A  for 
cuaaary  of  experiment  and  results).  Tba  a  assured  rata 
coeff lclaAt  la  (l.Q±d.34)*ao’,ca3aolac-1t“1.  By 
subs tr acting  k4  froa  tba  slope  in  fig.  (IV-4) ,  tba  rata 
coafficlant  k^kj  for  tba  deactivation  of  8gl3P0)  by 
BgtrfX)  equals  {l-?±O.83>xl0“*em3molec”1»''1.  It  la 
surprising  that  even  aftar  allowing  for  experimental 
errors,  tba  resulting  rata  coefficient  k^»k^  la  mil 
iarga,  such  larger  than  tha  gaa  kinetic  quenching  rataa. 
It  seama  only  obwiou*  to  claim  that  long  range 
lntaractlon  forcao  ara  in  affect,  though  tba  simple 
dipola-dlpola  lntaractlon  should  not  ba  tha  major 
coupling  aachanls*.  Tha  dipola-dlpola  lntaractlon,  alao 
termed  *Col dan  Pula*  quenching  (termed  aa  such,  baeauaa 
tba  qoanchinq  rata  la  derived  froa  tba  Paral  Sol dan 
Rule  Equation),17  would  ba  azpactad  for  dlpola 
transitions  which  ara  folly  allowed.  Slnca  tba  Bg 
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TIC.  (IV-4).  Rg^Pp)  deexcitation  rata  vs.  (Bgir^jg. 

each  point  raptaaant a  an  awaraga  of  1024 
flooraacanca  traeaa.  Tba  straight  llna  la 

a  laaat  aqoaraa  fie. 
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tcn.it  ion  dlpoie  la  ,ini>iun;:y  laall,  a 
"Golden  Rula*  typa  quanchlng  has  small  probaDillty.  Tha 
wall  known  ‘harpoon*  charga  tranafar  coupling  schema, 
wbaraby  ixit  cbannala  ara  reachad  through  tha 
intermediacy  of  an  atosr-to-quencher  charga  tranafar 
atata,  oay  ba  appllcabla  hart,  tinea  charga  transfer 
lntaractlon*  can  occur  at  relatively  long  range. 


It  la  approptiata  at  this  point  to  oantlcn  that  any 
9#naral  quanchlng  aacbaniao  aaployad  can  only  prow Ida  a 
qualitative  description.  Thara  baa  btan  no  quantitative 
attaopt  wads  to  apply  detailed  energy  tranafar  theories 
to  Bg<3P0)  and  SgBr(X).  One  must  ba  aatlsfiad  with 
descriptions  which  ara  physically  reliable  under 
approximations. 

One  of  tho  complexities  associated  with  tha 
colllalonal  babawlor  of  haawy  atooa  la  that  any  symmetry 
arguments  employing  tho  weak  spin  orbit  coupling 
approximation  dowt  not  clearly  present  tha  :iaht 
chemistry.  Quanchlng  studies  on  Rg  (spin  orbit 
splitting  -  0.2  *V)  should  be  discussed  in  terms  of 
symmetry  arguments  based  on  (J,m)  coupling,  tha  bora 


suitable  vehicle  whan  considering  chemistry  of  haary 
atoms.1*  To  this  and.  the  quenching  molecule  891c  (X) 
must  4lao  bo  co no id* cod  using  (J.a)  coupling  arguments. 
Kalaxscion  of  the  spin  quantum  number  of ton  caoulta  in 
there  being  a  large  ngabor  of  noa-degenertta  aucfaooa 
correlating  coactant  species  to  various  product  statoa. 
Thor of or 0,  there  aay  bo  aaay  possible  aurfaco  crossings, 
characterised  by  high  era a$itlon  probebi litis*,  and 
hence  the  absence  of  direct  adiabatic  pathway*  a  ay  he 
circa aeon ted  rla  diabetic  cbannela  loading  to  those 
products  of  Interest.  Ideally,  correlation  dlagraaa 
baaed  on  (J,Q)  coupling  should  indada  the  affect  of 
rotation  oa  the  appropriate  Bond's  coupling  case*  for 
the  aolecule  in  concern.  la  this  analytic,  it  la  the 
intention  to  only  prorida  a  qualitative  andoratandlng 
snd  perhaps  shoe  the  oxiseenca  of  any  obvious  barrier 
which  aay  keep  the  reactants  froa  correlating  to 
specific  products  of  interest.  Thus,  the  correlation 
dlagraaa  presented  utilise  (JA)  coupling1*  bat  neglect 
rotational  offsets,  figures  (XV-5)  and  (XV-dJ  show 
those  correlation  dlagraaa.  Only  those  surfaces  which 
directly  connect  the  reactants  to  products  are  drawn, 
(see  Appendix  B  for  the  analysis  of  both  (L*f)  and  (JA) 
coupling  aehaaas).  Two  collision  trajectories  hate  been 
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flC.  'TV-5).  Correlation  dlagraa  in  (J,Qj  coupling 
connecting  the  reactants  0g(3?)  and 
BgBtl2!*)  eo  ear loos  possible  products 
tn  this  dlagraa,  the  correlation  is 
assuaad  to  go  through  a  BgBceg 
inteeaedlata  of  C%  ryMotry . 


PIC.  (XV-t).  Correlation  dlagraa  in  coupling 

connecting  the  reactants  Bg<3P)  and 
BgBr(32*)  to  various  possible  products 
la  this  dlagraa,  the  correlation  lb 
assuaad  to  go  through  a  HgBtBg 
intermediate  of  syaaetry. 


emission  intensities  fro>  tha  axclted  eercury  exelmer 


C  Reaction  Coordinate 
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states  irt  expected  to  be  smell  because  of  tbt 
■tuatabli  nature  of  tbo  excited  state.  Though  mercury 
axelmer  amission  was  not  observed.  on*  eust  consider 
that  Rg2  ■*cl»at  formation  is  a  poaaibl*  product  sp*cl*a 
in  th*  deactivation  of  Bg(3Pg)  by  th*  radical  sp*cl*s 
agBr(X).  It  should  b*  notad  that  all  channels  which 
laad  to  tha  formation  of  tha  product*  Hgj^Sjj  and 
Hg»r(2!I)  will  eventually  laad  to  diaaoclation  of  th* 
diatomic  produet  speelee.  Both  BgjSj)  and  BgBr<2lM  hav* 
repulsive  potantlala  which  corralata  to  ground  stat* 
atoaa.  Sine*  a  nuabar  of  adiabatic  correlations  can  da 
drawn  froa  tha  reactants  to  dissociative  products,  it  it 
believed  that  in  tha  daaetivatlon  of  Sg(3P0)  by  BgBrfXJ. 
one  saliant  quenching  mechanism  is  th*  collision  induced 
dissociation  of  BqBr(X). 

Th*  a*asur*d  n*t  deactivation  rat*  of  Bg(3P0)  by 
BgBr(X),  within  experimental  uncertainty,  la  found  to 
greatly  *ic**d  th*  gaa  kinetic  rat*  for  th*  colliding 
pair  p  -  (6»0±5501xl0"10cn2  ®Bg  •  S0xl0"l6c*2l .22 
Therefore  it  b*eoa*a  necasaary  to  consider  alternate 
quenching  mechanisms  which  allow  for  long  rang* 
interaction.  On*  such  theory  which  hae  had  reasonable 
success  is  the  charge  transfer  or  "harpooning*  model. 
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considered,  tha  end-on  approach  leading  to  a 
trlatoalc  intermediate  and  th*  side-on  collision  leading 
to  an  intermediate  having  C,  symmetry.  Since  th* 
radical  BgSr(X)  is  expected  to  be  rotating,  a  collision 
along  a  C,  reaction  path  is  aero  likely,  tat  baaed  on 
dynamical  arguments,  a  reaction  path  where  tha 
excited  Bg<3P0)  approaches  tha  radical  RgBr(X)  from  tho 
bromine  ride  la  more  likely  to  laad  to  reaction  and 
production  of  axeitad  RgBr(R)  spec las. 

Both  collision  trajectories  show  that  adiabatic 
pathway*  exist  which  laad  to  tha  production  of 
•lactronleally  exeltod  mercury  exclmara  Bg2(3la)  and 
ngjl3o~).  The  Hg2(3l~)  axelmar  which  lisa  -  lav  shove 
the  Bg2(30y)  potential  wall20  require*  a  third  body  to 
be  col lie tonally  stabilised.21  Tha  departing  Be  atom 
can  serve  to  remove  excess  energy  and  stabilise  either 
exelmer  pair.  Both  exclmara  have  fluorescent  bands,  the 
—  iralaa  •«  3JJ.0  na  and  U. 

,*2<3°u>  -  band  at  4M.0  n».J0_J1  Th... 

•alsaion  band*  do  happen  to  be  In  the  spectral  region 
vnere  the  RgtrfB—  >X)  emission  signal  la  monitored. 
However,  the  exelmer  decay  lifetimes,  aader  the 
experimental  conditions  ere  In  the  -  me  range20'21  and 
aueh  larger  than  the  HgBr <B— >K)  lifetime  of  23  na. 


It  baa  been  successfully  used  to  explain  th*  large 
reaction  cross  sections  for  alkali  atom  reactions  with 
halogens.23"2 4  and  because  of  their  lowered  ionisation 
potentials,  the  quenching  of  th*  3P  states  of  Bg  and  Cd 
by  various  molecules.23*20  It  was  found  that  those 
molecules  which  proved  to  be  effective  quenchers,  had 
electron  affinities  commensurate  with  the  ionisation 
potential  of  the  colliding  atom.  The  basic  premia*  of 
the  model  is  that  for  an  esclted  atom  A*  and  quenching 
molecule  H,  It  la  possible  for  e  potential  surface  of 
predominantly  A*-*"1  character  to  cross  th*  diabetic  A*-« 
interaction  sorface  at  distances  sufficiently  large  that 
the  A*-H  curve  la  sufficiently  flat  trig.  (rv-?)).  To 
first  order,  the  curve  eroeaing  dletanee  is  defined 
by  the  Coulomb  potential  where  the  energy  term  is  the 
energy  difference  between  A**H  end  A*+m"  aurfaeee  at 
Infinite  A-n  distance.  Neglecting  polarlxabillty  of  th* 
A*n"  complex.  can  be  written  ae. 

p  •  -  -  ■?' 

^  IKHg<3Pe)J  -  EA(BgBt(xn 

where  IB  is  the  Ionisation  potential  for  Bgi3P0) 

(S.78  at)14  and  £A  it  the  electron  affinity  of  the 
radical  BgBr(X).  Prom  calculations  by  Krauas  et  al..2* 
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ona  can  Htiuti  the  electron  affinity  for  Sgtr'I)  to  be 
about  2.9  aV  (takan  fret  tba  potantlai  walls  of  tha 
neutral  and  negative  ion  between  tba  einiuua  points i. 

To  first  order,  tba  curve  crossing  distance  R^  is 

( rV-7 )  .  potantlai  energy  curves  for  an  econ-etou 
interacting  aystaa.  Pot  an  aton  solaatla 
css a  vibrational  stataa  for  aaeb  potantlai 
would  have  to  be  added.  Claarly  tba 
crossing  points  ara  strongly  dapandant  on 
tha  ionic  parameters  of  R*»  tba  axcltad 
atoa.  sod  H#  tba  qua  neb  lag  atom,  i.a.  on 
tba  ionisation  potantlai  oe  tba 
alactron  affinity  of  n,  and  tba 
polarlsabllley  of  tba  h*  *  M* 
intaraadlata.  Plqura  la  takan  froa 
Reference  (27). 

Bg(3J*0)  -  HgBr(X)  collision  cadll.  Bowavar,  3CT  is 
still  saallat  than  tba  axparlaantally  naaaurad  raaction 
croaa  taction  (  ®tJlp  •  (•90t5S0)  *10“2<cn2) .  Tbla 
apparant  dlffaranca  nay  ba  aecountad  if  wa  conaidar  tha 
pravioua  ttudiaa  on  alkali-halogen  aolacula  reactions. 

Xn  that  investigation#  it  waa  found  that  tba  rsaetive 
•cat.arlng  croas  s actions  sra  dttaralnad  by  in  lnpaet 
paraaatar  for  orbiting27  in  tba  parturbad  antranca 


c*.  Bowavar .  R^  it  aaasurad  cron  tha  cantar  of 
charga  in  BgBr*  to  tba  nuclaus  of  Rg(3?o*’  wblla  tha 
bard  aphart  radius  kM  is  naasorad  froa  tba  cantar  of 
nans  of  HgBc  to  tha  nucleus  of  Bg(3P0).  If  ona  ssaunaa 
tba  cantar  of  ebarga  aa  tba  Br  nuclaus  in  Bqlr,  s  fsetor 
has  to  ba  sddad  to  R^  to  shift  tbs  origin  to  tba  Rgtr 
cantar  of  naas.  Shifting  tbia  origin#  R^y  la  normalised 
to  a  value  of  MxlO'^cs,  giving  a  ebarga  transfar  cross 
sactlon  of  ^  •  I2fsl0“1*cn2.  Tbla  is  larger  than  tha 
hard  spbara  cross  sactlon  (  •  50al0-i*cu2)  inplymq 

that  tba  ebarga  transfar  curva  crossing#  and  hence 
quenching#  can  oceur  prior  to  tha  hard  spbara 
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potantlai.  If  this  orbiting  lnpaet  paraaatar  tha  radii 
at  which  tha  cantnfugal  barrlar  is  located  for  tha 
given  Kinetic  energy  Z)  is  greater  than  tha  charge 
transfar  radii,  tba  criteria  for  raaction  is  luraomiting 
Uu  centrifugal  h»rr<  mr .  i.a.#  after  crossing  tba 
bartlar,  alactron  eranafar  occurs  with  unit 
probability.27  Therefore,  tha  quenching  croas  section 
is  governed  by  tba  orbiting  nodal.29,30  In  tha  case  of 
tba  alkali-halogen  nolecule  reactions#  numerical 
solutions  of  tbs  relevant  aquations  place  tha 
centrifugal  barrlar  -  2xl0~°e*  outside  tba  diabatic 
(ebarga  transfar)  crossing  cediua.9*30  Xn  tba  ng(3P^>  - 
BgBr(X)  eystea,  aa  aeearata  and  naanlngful  calculation 
of  tba  orbiting  radiua  would  raqulra  aatiaating  several 
per en stars  with  high  confidence.  Lacking  such  precision 
la  tba  parameters  an  orbit  eontrollad  charga  transfar 
quenching  cannot  ba  rulad  out.  Bowavar#  tba  ebarga 
transfar  coupling  U  considered  an  iaportant  aspect  of 
tba  interaction,  for  ebarga  transfar  to  oeeur,  tha 
onconlng  Rg(3P0)  aton  auat  ba  in  tha  vicinity  of  the  Br 
aton.  in  other  words#  for  efficient  charge  transfer, 
Bg(3P0)  should  attack  agir(X)  froa  tba  at  end.  This 
dynaaical  constraint  was  alao  apparant  in  tha  alkali- 
halogen  aolacula  studios.30  Xn  tha  Rg(3?0)  -  BgBr (XI 


experiment  «ny  collision  In  which  the  two  Rg  atoms  come 
nose*  may  luc  to  •  covalent  typo  quench  inq,  tielatr 
formation  or  repulsion.  Obll#  an  interaction  hoc* ton 
Bgl3^)  *  »rflg  oay  load  to  charge  transfer  followed  by 
oithor  agtr(B)  formation  (BgSr(B)  stats  baa  ionic 
character,  especially  for  high  v  state*)  or  BgBr  (A) 
formation  which  la  tapmlsive  and  loads  to  ground  stats 
atoms.  This  possibility  U  viable  because  at  htqb 
energies,  tbs  BgBr (A)  and  BqBr(l)  potantlal  cargos  aro 
known  to  croaa.  Tbs  interaction  say  initially  form 
vlbrationally  axel  tod  Sg»r(Bi  f*  -  25-10)  apod  os  hot 
curve  cross  to  the  repulsive  ffqir(A)  potantlal.  A  third 
option  with  tho  Bg(3P0)  -  BrBq  approach  la  stable 
RgBrtX)  production.  This  situation  is  indistinguishable 
between  staple  quenching  or  reactive  (charge  transfer) 
interaction  with  ground  *tate  products.  The  latter 
possibility  is  expected  to  nave  a  low  probability  of 
occurrence.  Rqlr(X)  ban  a  low  potantlal  wall  (0.7  eV) 
which  would  leave  in  exessa  of  4.0  aV  to  bo  partitioned 
at  relative  translation  between  Rq  and  BqBr.  The  outoae 
of  the  charge  transfer  reaction  could  also  be  influenced 
oy  the  approx let ty  of  the  spectator  Bq  atom.31 

Although  the  net  deactivation  rate  of  Bg(3*0)  by 
Rgirtx)  is  truly  the  aggregate  effect  of  numerous 
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In  general,  it  is  well  known  that  atomic  specias  m 
•l^^xonically  excited  statea  are  quenched  efficiently 
by  eel scalar  gases  while  as  quanefters#  eose  etoetc  gases 
appear  to  be  rather  inefficient.32  This  general 
behavior  has  been  attributed  to  tbo  efficiency  of  energy 
transfer  from  electronic  to  vibrational  modes  of 
molecules  in  comparison  to  tho  poorer  coupling  between 
electronic  and  translational  energise.  Bowever,  chert 
have  been  quenching  experlnents  where  deactivation 
cross  sections  wore  notleably  greater  than  simple  hard 
sphere  collision  cross  sections.3,33  These  results 
could  not  be  easily  explained  via  eovelene  type  atom- 
molecule  or  atom-atom  interactions.  Alternate  quenching 
mechanisms  which  allow  for  long  range  interaction  have 
boon  utilised#  but  for  reactions  where  one  species  has  a 
low  ionisation  potential  while  the  ocher  s  eoermencurtc# 
electron  affinity,  tho  charge  transfer  theory  or 
"harpooning"  model  has  been  especially  reliable  in 


quenching  mechanisms,  it  la  believed  that  the  charge 
transfer  mechanism  or  the  orbit  controlled  charge 
transfer  mechanism  are  the  moat  important  quenching 

oroceseee. 

The  measured  net  deactivation  rate  coefficient  k  at 
best  is  an  upper  limit  for  tho  rate  of  Reaction  (1), 
but  in  view  of  the  correlation  diagrams  with  the 
multitude  of  possible  products#  the  production  of 
eseltad  BgBr(B)  from  qoencblng  of  ag(3P0)  by  RgBr(X)  is 
thought  to  bs  a  minor  ehmamol.  It  ia  annoying  that  tho 
deactivation  rates  kj  and  k4  could  not  be  ssssursd  with 
higher  precision.  Both  experiments  wore  vary  difficult 
and  besides  the  experimental  sophistication  required  to 
obtain  higher  precision  would  supersede  tho  not  gain  in 
physical  insight. 


providing  •  qualitative  description  of  the  reaction 
dynamics.17 

in  this  Appendix#  results  are  discussed  wherein  :n# 
deactivation  of  astsstsble  Rq(3?0)  by  Br<2?)  atoms  ts 
measured.  The  results  from  this  experiment  also  provide 
the  rate  coefficient  which  is  necessary  in  reducing 
those  results  of  Chapter  IV.  Tbs  reaction  of  interest 
can  bo  written  by  tbo  equation. 


k*  .  .  (Al) 

lg<«3>0>  ♦  Fl/2#3/2>  — >  ■«<«  s0>  ♦  •*<«' *pl/2.3/2} 


Tbs  mercury  end  bromine  atoms  are  prepared  from  separate 
photolysis  reactions#  while  tbe  excitation  of  ag  is  via 
resonance  absorption.  Tbo  not  deactivation  of  Bg(3P0) 
ts  sonitorsd  by  the  cheat  luminescence  of  RgBr(B)  via  the 
reactions# 


Bg(3?0)  ♦  »r2  — >  Bgir (B)  ♦  Br (2Pl/J#a/?)  iA2) 

A 

BgBr (8)  — >  BgBr(X)  *  hv  iA3> 

where  k  is  i  known  rate  constant  end  a  is  the  Clnetein  a 
coefficient  for  BgBr (B— >X) . 

The  qoenchlnq  In  equation  (Al)  is  ample  X-T 
(electronic  to  translational)  eoorgy  transfer.  It  is 
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«1m  the  only  deactivation  path  available  to  the 
Hg(3*o)  "  ,r  mUUIoa  pole.  There  ere  no  bromine 
electronic  ititti  nearby  to  *llo«  efficient  resonant  t-t 
(electronic-electronic)  energy  transfer.34  Nereury  in 
it*  5,  >tltl  has  a  iovsrad  tenixalaa  potaatlaX  and  It  it 
azpaetad  that  tha  aataatahXa  atata  will  raaaahla  a 
ground  state  alkali  atom  in  its  ehaaieal  properties. 

Tha  'harpoon*  mechanism  aa  explained  in  Chapter  rv  is 
expact  ad  to  ba  tha  doa  Inant  quenching  aachanlaa. 

Tha  experimental  approach  la  shown  schaaatleally  in 
fig.  (TV-2),  but  for  this  « spar  leant  it  contains  a  saall 
aaount  of  BgBr2  aalt  and  Btj.  A  IrF  laaar  (249  an)  la 
uaad  to  photolyse  BgBr2  vapor  producing  a  quantity  of  Bg 
stoM.  BgBr2  has  aa  ahaorptlon  ctoea  taction  of 
-  2xl0~18cm3  it  2  49  ns  and  la  known  to  product  Bg  atons 
with  .eeonable  quantum  efficiency.8'35*38  Aftar  an 
spproprlata  daisy,  a  sacond  pulssd  laaar  sntara  tha 
chaaoer  and  la  turnad  to  tha  **Fg-d*9«  Bg  transition  at 
233.7  na.  This  is  quickly  followad  by  a  third  laaar  at 
532  na  which  ia  uaad  to  asclta  Br 2  aolaculaa  to 
prvdisaoclatlva  1  avals  of  tba  8r2(i3^,*)  alactronie 
ttata  (*j4g#  -  2*0  ns)37  Nltroqan  gas  in  tha  chaabar 
JlhjJ  -  4.5x2018cm”3)  serves  to  both  halp  quanch 
«lg(3?1)  to  Bg(3S0)  and  to  anhanca  tha  sr2  diaaociation 
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by  collisions  ( -  100  na  •  100  Tocr  Mj)38  Optical 
cross  sactiona  of  Br2  at  249  na  and  253.7  na  ara  known 
to  ba  saall  (»  -  2xJ0“23cm2l ,39  to  thara  should  not  ba 
large  danaitias  of  8r2  aolaculaa  in  highly  asclead 
atatas.  Tha  nat  daactlvatlon  of  Rg(3?g)  ia  monitored  by 
tha  chaalluainaacanca  of  BgBr(B— >X)  as  par  raactiona 
!A2)  and  (A3)  with  Br2  concant ration  bald  in  ascass. 

Tha  daactlvatlon  rata  coafflclant  k'  in  Equation  <A1)  la 
daducad  by  first  sapsrstaly  aaasurlog  tha  nat  Bg<3?<)) 
quanching  rata  in  tha  caaas  of  wlth/wlthout  tha  Br2 
photolysis  lasar.  Tba  naasurad  changa  In  tha  rata  whan 
plottad  against  lr2  atoa  concantratlon  la  proportional 
to  t*. 

All  data  acquisition  and  diagnostic  analysis  ara  aa 
dlacossad  in  tJM  tact  of  Chaptar  IV.  in  addition  tha 
chemiluminescence  signal  was  charactarlssd  with  tha  usa 
of  narrow  band  filters,  vbara  le  coold  ba  a soared  that 
it  was  llgtr(B— >X)  emission.  Furthermore,  no 
chaalluainaacanca  could  ba  obaarvad  whan  altbar  Br2  was 
raaovad  froa  tha  call  or  whoa  tha  253.7  na  ascltstlon 
laaar  was  datunad  froa  tba  Bg  raaonanca  transition.  All 
tha  axpsrlaants  wars  conducted  at  ona  toaparatura 
'T»«0°C;  |BgBr2J  -  10i3ca~3)i4  to  Inaura  aufflelant 
RgBr  2  density.  Broalna  aolacule  concentrations  war# 


measured  using  an  NES  Baraeron  gauge,  while  >r  eton 
concantratlons  ware  daducad  froa  tha  Bear -Lambert 
absorption  aquation,  using  known  extinction  coefficients 
for  Br2  at  532  na40  and  tha  avaraga  laaar  anargy  (S.» 
aj).  At  tha  oaaaarad  lasar  anarglaa.  only  2.4»  of  tha 
Br2  aolaculaa  ara  photolytad  allowing  tha  calculation  of 
(Br!  froa  a  Seer  "Lambert  relationship.  Purtharaora,  tha 
baaa  waist  of  tba  532  na  lasar  is  kspt  savarsl  tinas 
lsrgar  than  that  of  tha  253.7  na  lasar  in  ordar  to 
alniaisa  tha  spatial  variation  of  (Br]  ia  tha  region 
where  Bg(3pQ)  quanching  occurs. 

Equations  (A2)  and  (A3)  provide  a  scheae  with  which 
to  aoasuro  tha  net  daactlvatlon  rata  of  sg(3Pg)  atons. 
Both  aquations  have  largo  cross  sactiona 
(k  -  10’l0ca3aolac"1s"1,  A  -  4.3xl07s"l>  and  aarva  to 
rallably  monitor  tba  Rg(3?0)  concantratlon.  in  tha 
axparlaant  quanching  of  tha  axcltad  radical  BgBr(B)  oy 
various  photofragnants  ia  naglactad.  because  of  tha 
abort  B2S*i/2  ttata  llfatiaa  (23  ns)  and  tha  low  nuubar 
danaitias  involvad.  Hltrogan.  tha  spaclas  in  larga 
concantratlon  is  known  to  ba  an  inafflclant  quanebar  cf 
both  Bghr(B)  and  Rg(*3?0)»  whlla  Br2  known  to  readily 
quanch  HgBr(B),9  ia  of  such  concentration  as  to  have  a 
nagligibla  effect.  Thus.  HgBr(B)  daactlvatlon  is 
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■tnctly  governed  by  spontaneous  emission  (tq.  'A3)). 
Though  BgBr(B)  has  but  ona  daactlvatlon  pathway,  tha 
seta stable  Bq ( 3 P0)  can  ba  quenched  by  enumerable 
products  through  a  aultltude  of  poaslhla  channels.  To 
obealn  tha  specific  quanching  rata  of  Rg(3?0)  oy  5r(*pt 
atoms  (eq.  (AX))  from  tha  various  quanching  processes, 
ona  needs  to  measure  the  change  in  tha  nat  daactlvatlon 
rata  of  Bg(3*Q)  whan  tha  Br(2P)  concentration  is  reduced 
to  taro.  If  all  other  spaclas  concentrations  ara  kept 
constant,  this  difference  in  ths  naasurad  rates  can  ba 
made  to  only  ba  proportional  to  tha  lr(2P)  concentration 
while  other  eomson  terms  cancsl.  Sines  ths  Br(*P? 
concentration  la  reduced  to  taro  whan  tha  Bt2  pnotolysia 
lasar  is  off,  it  is  only  of  importance  to  ehect  those 
unwanted  products  which  night  ba  produced  via  photolysis 
at  532  nm.  All  multiphoton  processes  can  ba  naglactad 
on  grounds  of  low  optical  cross  section,  while  all 
absorption  processes  with  products  produced  by  the  KrF 
laaar  ara  naglactad  because  of  low  danaitias.  Thua  it 
is  only  necesssry  to  consider  those  Br2  aolaculaa  which 
ara  excited  by  532  no  radiation  but  do  not 
pradissoeiata.  The  and  8r2(A3-0*“?  mat  aa  cable 

•tatea  are  optically  coupled  to  tha  Br2(3^)  ground 
•tats  by  eolation  at  *50*900  nm4i“45  with  long  lifetime* 


(A5  •S4?i«.  S3  •12.4ta).  A  careful  observation  of  thia 
apeotral  ratios  was  aadu  and  It  la  bsllavad  that  given 
tbs  esperleantsl  conditions,  tbs  It]  sstsstsbla 
concentrations  are  at  boat  vary  nail,  ror 
completeness,  one  sore  kinetic  oquatloa  is  nee ssssrr 
In  addition  to  those  of  Css.  (Al)  -  (A3). 

.  a. 

»g(4J»0)  ♦  A  — >  All  Processes  (A4) 

One  solstlsn  to  these  equations  (Sts.  (Al)  -  (A4))  la 
the  tiae  behavior  of  the  radical  lcbr(B)  nonber  density, 
tt  has  Che  general  ton. 

I agar (S)l (tl  •  Cla"**  -  e"Atl  (AS) 

where  a.  A«  and  C  art  eonitanti  with  A  being  the 
ipontaneoue  eeieeion  rat*  of  Equation  (A3).  Xn  the 
•xperiaent.  A  >>  a  and  by  delaying  data  acquisition  a 
f iv  hundred  nanoseconds.  the  aolution  simplifies  to  a 
•ingle  exponential  of  the  fora* 

(Sgbr (») } (t)  •€#“•*  (A«) 

where  a  is  the  net  deactivation  of  the  Hg(43*0) 
eetaatabl*.  The  tiae  constant,  a,  is  obtained  Oy  eiepiy 
plotting  ln(f*q«r<») H  versus  eiae.  re  is  defined 
differently  for  when  the  »r2  photolysis  User  is  aa  or 
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off-  without  the  532  na  photolysis  lsser. 

•off  *  M»r2]0  ♦  tj,llq<3P0)J  'AT) 

and  since  tn(Rq(3?g)]  is  constant  (fagfr2/  constant;  a 
plot  of  a9f£  vs.  (Br jig  (Br2 / o  L*  rh#  *r2 
concentration  prior  to  532  na  photolysis;  gives  a 
straight  line  with  slop*  *«<l.2jt0.i)*10~*0c*3aol*c“lt“i 
(see  fig.  (IV-Al)  open  circles)  and  this  is  the  rate 
coefficient  for  the  quenching  of  lg<*P0>  by  fr2.  See 
532  na  radiation  enters  the  chaaber  and  dissociates  e 
fraction,  t,  of  tbs  Br2.  Under  thee#  oondltloaa 

•on  ’  M*r,l  *  ftbrl  ♦  k„t«g(Jf#)|  (AS) 

sm  •  (k  ♦  f(2f-k))(St,|0  *  tRiaq<3r0))  <A») 

A  plot  of  saa  vs.  IbtjJg  gives  e  strsight  lias  elth 
slops  (kvf(2k'-k)  (see  fig.  (PP-Al)  cloeed  elreleel,  end 
•lace  k  aee  beea  eetebllahed  »_ad  f  la  knows  12.4%),  one 
could  obtkla  The  rate  coeffleieat  ter  the 
deectleetiea  of  Sg<3Pg)  by  Sr(Jf)  tteet  la  dedaeed  to  be 
<1.0*0.4lnl#**ea3solee‘ln‘l.  I  react.  k‘  la  derived  f  roe 
a  difference  of  tee  a ea eared  rate..  It  can  be  * objected 
to  large  eipotleeatel  errors,  ta  aaticlpstloa  of  this 
problem  each  eeaeared  rate  >as  eetabllehed  te  a  greater 
degree  ef  accuracy  ee  that  the  difference  rate  between 
the*  veald  bare  tea  error  that  woeld  still  be 


ric.  I1V-A1).  ae(]fg)  deeaeltstloa  rate  vt.  (»r2Jg. 

The  open  circle,  are  tor  the  eteo  ot 
(g(9fg)  quenching  by  tr2  only  and  the 
tlope  la  (leeet  sguarea  fit)  1.2»10"10 
ea3molee*le*1.  la  the  ceee  of  cbe 
derkeaed  circle. ,  ISr2J0  is  partially 
dissociated  with  tbs  512  na  photolysis 
Issar  (rig.  (rc-21),  sad  the  quenching  of 
lg(3Pg)  1*  dee  to  both  lr2  end  it.  The 
slope  is  (least  .quarts  fit)  l.itlO"10 
ea3«olee"3e'1.  and  Is  equal  to 
(k»f I2k'-k 1 1 ,  whoc*  f  is  the  fraction  of 
(BtjJg  which  la  dissociated.  Each  point 
le  the  reeult  of  1  2000  laser  firings. 

The  largest  source  ot  uncertainty  derives 
free  not  knowing  [BtjJg  accurately  enough, 
bespit.  .  large  condom  error,  for  a  given 
gee  staple,  one  can  see  the  systematic¬ 
ally  larger  rstee  In  the  ceee  of  cloeed 
circles  aa  cow pared  to  the  open  circles. 


expor  mentally  acceptable.  The  calculated  error  also 
includes  in  anticipated  error  of  the  >r2  absorption 
coefficient  it  532  na  laetually  twice  the  error 
aentioned  in  the  ciftnnei  was  used  in  tho  error 
calculations}.  rt  la  tiitn  surprising  that  attar 
allowing  for  exper  mantel  errors,  tha  resulting  rata 
coat flexaat  k*  la  larger  than  40a  klnatic  quenching 
rataa.  Tha  observed  large  deactivation  rata  ii 
indicative  ol  coupling  forces  which  have  long  rang# 
interaction.  Because  tha  Rg  transition  dipole 

Is  vanishingly  snail,  ona  could  not  elala  ilapla  dipole- 
dlpoia  forcas  to  ha  tha  major  coupling  aaehanisa.  iy 
virtu#  of  its  excitation,  Bg(3P0)  has  a  lovatad 
ionisation  potential,  and  Jt(2P)  an  alactron  affinity  of 
tha  sana  nagnitude,  tha  "harpoon*  nodal  or  charga 
transfer  coopllnq  sechod  ia  note  Ilk aly  to  give  tha  hast 
qualitative  dascrlptioa  of  tha  quench inq  dynanlea.  a 
firat  ordac  calculation  c avails  that  tha  chat qa  transfer 
radius  for  tha  Sq(3f0)-Sr  pair  is  at  I.0xl0~*em  while 
tha  qaa  klnatic  radios  is  2.i*10-#cn. 


Tha  problem  cantata  in  tha  formulation  of  tho  orbit 
correlation  rulos. 

*  * !  ->  *<^c  ->  1  * c 

when  eonaldarloq  tha  alnpla  intaraetlon  anovn  above.  it 
bacoaaa  nacassary  to  sat  up  tables  vhich  taka  spharical 
ay  natty  (a  ton  A)  and  diatonic  aynnatry  (SC)  to  a 
aynaatry  X  (intermediate  ABC),  A  slnllar  table  is 
conpilad  vhich  takas  tha  synnatry  of  aton  C  and  diatonic 
BA  to  a  synnatry  X  for  ABC.  Tba  allowed  electronic 
states  of  ABC  (synnatry  X)  art  than  obtained  by  forming 
dire. 2  products  of  r apt asaa tat Iona  found  fron  tha 
rasolation  tables  (A— >Xi  BC—  >X  and  also  *A — >*  and  C-> 
X).  Tha  given  seataa  of  reactants  and  products  will 
correlate  if  at  least  ona  speclee  arisaa  fro*  tha  states 
for aad  by  tha  reactants  and  tha  states  formed  by  tha 
products. 

A  non  linear  eonplaa  of  3  a tons  vtll  belong  either 
in  C|(C^}#  Ca,  C2t,  and  cJv.  Consider  for  assnpla  tha 
reaction* 

Bql1?,,)  *  '  Bql1*,)  *  BBltlB3!*!,^)  HI) 

through  a  non  linear  coapiaa  of  Cf  synnatry.  'Jtlliting 


Mmenau  ai.  Cfln«lBtifla  atMim.  t  Buwry  at  Uu 

HSWtCV  flBBfBMflBB  lot 

correlatlgp  via  ft.Sl  eauwi  m«  ( m  1 }  eglw-orhifc 

ia&xiBCLlBBl  ax  CMBllnq  1 1st  as  BBla-prBU 

intixicUanJ.  z&s  SflihuliUan  Is  aiclttflrtir  a  cal  ltd  xs 

rfle  ease  al  Sb(63?0)  ♦  RgErfll  aaaeias. 

The  following  soannry  of  operations  wan  gleaned 
fron  various  sources,44'*4*  hot  la  tho  case  of  (J,& ) 
coupling  all  inf or nation  was  exclusively  *2 on  tho 
Appendices  of  Bert  berg,  voi.  ill  (Peiyatomiesl.1*  As 
fomoiation  util  Isas  group  theoretical  argonauts 
relating  synnatry  properties  of  tho  reactants,  tha 
intermediate  reaction  complex  and  tha  products. 

ft. Si  Catmllna 

If  spin-orbit  coupling  la  snail,  spin  correlational 
rules  for  linoar  and  non  linear  polyatonies  sr# 
identical  with  those  for  diatonie  aolecules.  Tha 
electron  spin  is  not  affected  by  tha  electric  field 
arising  fron  tho  interaction  of  tha  containing 
ool ecu 1 as/s tons,  and  A  ,9,2  are  good  quantum  numbers. 


established  tables  (Ref.  40  tha  direct  cross  products 
can  be  written 

Reactants t  3Py  x  2I4  — >  22A'*2A* 
—>24A#*4A* 

Products  1  s  lr  —  >  *A* 

Thus.  ■;»«  only  surface  which  contact w  tha  product*  with 
tha  reactants  is  tha  single  ZA*  surface.  If  tha 
reaction  (Bl)  is  considered  through  a  C**  linear 
conplax,  the  lntarnadlata  peasihia  states  are  given  vis 
the  following  ruins. 

1.  Possible  intermediate  (L)  states  rssultlng 

RgirBg  "  "uRg)  *  *L(«glr> 

*l,(Bg)  *  L*  w#  **L(8g}  * 

"bOVir)  *  **4  c"tltgBr)  "  0) 

*ltto  SgBrflg  • 

2.  Possible  intermediate  (91  eta tea  resulting 
«u  -  $i+9*'  W—  *i-*t  «* 

■lk  *  *ig»r*g  •  >'*•  ™ 

in  Tuple  fiy-BD  warloua  product 'reactant  intaraetlon 
palra  of  eoneorn  are  correlated  to  form  an  Intermediate 
RgBrRg  conplos  of  either  C9  or  symmetry.  All 
correlations  a a suae  snail  spin  orbit  eoepllng.  Pigs. 


TAbtt  (XV-Bl) .  Correlation  o f  earloua  interaction 


pair  to  (on  tba  Intermediate  aging 
either  In  c,  ot  C m  eyaaetry  In 
(L.S)  coupling. 


Proceaa 

ea 

«.* 

intarwdlftt* 

Bg(5>,)*«gat(JSi/j) 

22A'e2A* 

24A'e4A* 

2£l/2»  4S/2>  Sl/2/2 
‘V2 

nq‘(J31/2)««0,r'!1S*) 

JA‘ 

JSl/2 

HoJi3:ui»ar(2p.J,) 

42A’*22A* 

44a,*24a* 

2-l/2'  %/Z*  *\/2 

4V2'  2  4J/2  *  *Vl 

2A‘«12A* 

V*24A* 

2S/2<  %n-  2»3/2 
4*V2 

flgl'SjlMIgBtl2!*) 

V 

2*l/2 

sol's,; ‘agar  (2it) 

2a‘*2a* 

\/i 

H02l^).at(JPu! 

22A'*2A* 

2Sl/2.  2"l/2 

ris.  Correlation  dUqru  In  (L.S)  coupllno 

connect  in  q  tho  cooeunto  ag<2p>  and 
SO»t(Jr*l  to  rtrloof  poool tie  product* 
tn  tot*  diagram.  to#  correlation  1* 
a a* a* ad  to  90  through  a  Bylrsg 
Intanadlata  o(  Ct  syametry. 
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itV-al.12)  show  tn*  correlation  dlegraaa  In  (L.S) 
coupling.  Only  thoa*  lutfacaa  which  directly  correlate 
the  reactant*  to  product*  are  drawn,  rot  tho  coaplet* 
Hat  of  aurtacii  rofar  to  Table  ira-ai).  The  "line*'  m 
Figs.  : rv-Bl ,  al)  are  aaalqned  by  connactlny  reactant* 
to  product*  through  autual  mrfacoa.  starting  wits  the 
product  vblcb  baa  tba  lowaat  energy. 

(JtX)  Cnnnllna 

Xn  tba  a ooe*  diacuaaloa  tba  interaction  of  *g  «ltb 
agar  utilised  (L.SI  coupllno.  tbi*  aaana  t bat  tea  state* 
of  *0.  Boat  and  BoBrao  are  connected  aacb  that  a  la 
•aauaad  to  bo  preceaalno  about  load  L.S  coupllno  1* 
eacll.  If  tho  (L.S)  Interaction  torn  la  largo  tba  t 
(laid  in  tba  tntarnuelaar  aaia  aay  not  be  eafflcleat 
enough  to  cauao  Independent  space  quantitation  of  j,  end 
s  with  tba  lataraocloar  coaponeat*  ^  and  &  Tba  raaalt 
of  L  aod  a  fora  Ja  and  this  pteceaaae  aboot  tbo  oato 
«ltb  coaponeot  a.  tn  aoab  caaea  a  aad  I  are  not  defined 
and  only  2  ratains  Its  ooanlng  aa  tba  electronic  angular 
aoaanta  ebout  tbo  oaia.  To  Ineorperata  largo  opln-orblt 
intoractloa  tn  corrolotlon  dlagreaa,  tbo  spin  stntaa  of 
tba  epeclea  also  need  te  be  considered,  a  first 
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- pw. 

Cj  R«oc!icn  Cocrdmot* 


nc.  ( rv-12)  .  Correlation  diagram  in  (X»,S)  couplinq 
connect in q  the  rNeunti  igt3**  ahd 
■ghr<2r*)  to  various  possible  products, 
lb  chin  diagraa,  ebo  correlation  is 
assumed  to  90  through  a  igBcflq 
intermediate  of  cw  symmetry. 


approximation,  for  not  too  lory*  spin-orbit  interaction 
is  to  multiply  tbs  orbital  ciqanf onctioa  with  a  spin 
function  which  has  a  coordinate  system  that  is  fised  on 
the  particular  molecule.  Unlike  space  fised  functions 
which  are  totally  symmetric,  such  aolecule-f  ised  spin 
functions  axe  affected  by  symmetry  operations.  So  one 
needs  to  first  sstshlish  the  speclss  of  the  spin  function 
for  various  S  values  for  all  the  in porta at  point  troops. 
Berxberg  has  tsbulstsd  this  for  nost  S  values  (lerroorq 
III*  Appendix  ZZ»  Table  5«>.  To  determine  the  total 
electronic  eigenfunction,  one  forna  direct  products  of 
tbo  species  of  tho  spin  function  sad  tbs  species  of  the 
orbital  function.  Consider  again  tbs  exsapia  of  tha 
reaction  of  aquation  (PI),  asounlng  largo  spin-orbit 
interaction  and  a  nonlinear  internodlate  {Bgtrflq)  of  C, 
synmetry.  Tbs  parenthetical  notoe  refer  the  reader  to 
appropriate  tablet  In  lerxberg  III. 

(a)  *0<J»U)  — >  *•!.  t«l 

ttnln  L  and  S  into  c,  lyiMuy 

»„  — >  2A’*A*  (App.  IV,  Tahlo  58) 

S  — >  A**2A"  (App.  II,  Tahlo  50 

JPa  — >  *  *  Tu 

— >  lA’aJA'llOA'+A-) 

—  >  SA*»«A‘  (App.  HI,  Tohla  57) 


reactants  prooucts 


- 

e  „  Rtoetion  Coordinot* 

®V 


(hi  «o»r<Jr*')  — >  5*1/2,  l»o 


r 

—  > 

A' 

(APP- 

rv. 

Table 

591 

s 

—  > 

*1/2 

(App. 

IX, 

Table 

S«1 

5r 

— > 

s  «  V 

— * 

*1/2  a  *' 

— > 

*1/2 

(APP. 

rzx, 

.  Table 

571 

5p(1*oi 

— 

>  5-0 p  L«0 

*9 

—  > 

A* 

(App. 

rv. 

Table 

51) 

5 

—  > 

A' 

App. 

XX, 

Table 

5«) 

l»o 

— > 

*  «  s. 

— > 

A'  X  A' 

—  > 

A* 

(App. 

XXZi 

>  Table 

57) 

la.lnp  Mv  ootabllahod  tAt  ay.a.try  proap  o*  tha  total 
electronic  eigenfunction,  one  can  correlate  the 
produets  and  tho  reactants  to  fora  a  nonlinear 
intermediate  IgSrRg  in  Ct  symmetry. 

Reactants  1  *  2I*  — >  (S**»4h*)afB1/2) 

->  ul/s 

Products)  l»t  a  !J*  — >  A'  a  tl(.j 

e1/s 

latlnp  eatra  eroaalno,  on.  tan  aay  that  th*  taactanta  ot 
Eq.  dll  eortolato  to  prsdact  apaeiot  throuph  a  olitpla 
el/2  **rfaeo,  with  tha  atlpalatian  that  tha 
tntarasdlata  eoaplaa  la  ot  paint  proap  ca.  In  Tahlo 
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(IV-82)rthe  important  produet/reactant  interaction  pairs 
ace  tabulated.  titer  ere  correlated  to  fora  an 
intermediate  el tber  in  C#  or  eyaaetry.  Figs. 
(rv-s.*>  m  the  chapter  test  shoe  the  correlation 
diagraaa  in  (J,fi )  coupling.  Again  only  those  surfaces 
which  directly  correlate  the  reactants  to  products  are 
drawn.  Table  (IV-S2J  contains  the  coaplete  list  at 
surfacea  with  the  asaigaaant  of  surfaces  being  the  ease 
as  in  (L*S)  coupling. 


TABLE  t 1V-B2) .  Correlation  of  varioua  interaction 

pair  to  fora  the  intermediate  aghraq 
either  in  C#  or  eyaaetry  in 
(J,3)  coupling. 


Proeesa 

c.  • 

ine.r- 

lot.r- 

Mdl.t. 

Mdl.t. 

’*1/2 

4*l/2*2*3/2**5/2 

*1/2 

*1/2 

l**l/2 

Sel/2*4*3/2*3,S/2*,*7/2 

’*1/2 

5,l/2*2*3/2**3/2 

*1/2 

*1/2 

2*l/2 

*l/2*®3/2 

J*l/2 

l*l/2**3/2 
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Cl  APT  ED  V 
C3WCLC9X0HS 

rn  tha  introduction  of  ehxs  thesis  several  research 
araaa  concerning  tha  aarevry  Halida  species  war a 
discussed  aa  howl no  tacon') “axcal  and  scientific 
Importance.  Tdtoosb  various  experiments.  tha 
discussions  in  Chapters  IX  throats  IV  &*v*  provided 
some  insight  xnto  tboaa  raaaatca  araaa.  Thougn  aoaa  of 
tha  pressing  questions  have  been  addraaaad,  an  aquai  it 
not  a  greater  noahar  Haaa  not,  and  aa  tlvayi  ia  witn 
•uch  experiments.  new  questions  Haaa  been  raised.  :n 
this  chaptar  a  faw  of  thaaa  questions  ara  presented  as 
Ideas  for  fututa  thouqbt. 

Tha  largest  aourca  of  uncertainty  in  all  tha 
kinetic  studies  reported  m  thia  thaaia.  haa  baan  in 
not  accurately  knowing  tha  a«jBr2  vapor  pressure.  Though 
vapor  praaaura  v*.  temperature  curves  do  ealst.  thay  do 
not  axtand  to  temperatures  lovar  than  100°C.1  To  extend 
thaaa  vapor  praaaura  curves  tor  praaaura*  naar  rooa 
temperatures,  extrapolation  technique*  utinq  coapucara 
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war*  utllisad.  It  auat  be  mentioned  :hac  tha  number* 
obtained  froa  tha  extrapolation  agree  "all  »ith  tbos* 
mentioned  in  tha  currant  litaratura.  In  hindsight,  it 
la  of  lapertanca  and  of  nactaalty  to  haaa  tha  vapor 
praaaura  v*.  taaparatuta  curvaa  of  Bgx^lXwCl.sr. I) 
tpaeiaa  proparly  axtandad  to  rtqlona  naar  rooa 
taaparatura. 

Tha  probability  for  the  production  of  ftqBr  radicals 
via  RqBrj  photolyala  at  193  na  haa  baan  aaaaurad  and  is 
known  quite  wall  (  Q.E.-  1.0  for  forainq  Nq0r(B)  i.2*3 
Bowawar,  that#  haa  not  baan  a  concerted  affort  to 
analyse  the  photolysis  products  at  other  wavelanqtha  in 
tha  ov.  Baaed  on  anarqcclca  and  absorption  features  it 
ia  postulated  which  products  should  exist#4  but  one  does 
not  know  the  various  photolyala  channels  aa  a  function 
of  waveianqth.  for  Instance#  it  will  be  of  importance 
to  know  whether  BqBrj  dissociates  to  BqBr(X)*Br  or 
Bq*Br+Br  for  excitations  <  90,000  cm*3.  Such  processes 
will  influence  dramatically  the  number  and  character  of 
tha  radical  species  whose  kinetic  behavior  affect  laser 
performance.  Also  of  importenee  to  the  Bqlrd—  ‘U 
laser  ia  the  prerequisite  that  tha  laser  operat*  over  a 
great  many  shots.  Therefore  recombination  processes  of 
the  mercury  bromide  species  need  to  be  understood. 


Currently  working  Hlrll-M)  Issars  in  saalad  systems 
ranch  thalr  half  power  1 avals  after  10*  shots.5  It  has 
been  assumed  that  recombination  rates  are  relatively 
f<  «t  to  keep  the  parent  species  from  being  removed  via 
contaminating  reactions.  Sat  to  optimise  the 
BgBrfB— >X)  laser  will  require  a  eore  thorough 
understanding  of  the  recombination  process. 

Xn  the  experiments  of  Chapter  XV  It  was  observed 
that  the  reactive  scattering  of  ■•testable  Bg  atoms  with 
BgBr(X)  and  lr(2P)  showed  evidence  of  ion- pair 
formation.  As  previously  discussed  (Chapter  XV),  the 
ion-pair  would  ensue  following  charge  transfer  from  the 
excited  atom  to  tha  respective  bromine.  The  tranelent 
Hg*Br~  ion-pair  has  the  neceetery  characteristics  of 
forcing  electronically  excited  Bg8r(B)  species.  The 
potential  assymtote  for  tha  92I^i/2  state  of  BgBr  is 
Known  to  correlate  to  the  Rg*  ♦  9r"  pair.*  It  then 
becomes  the  taek  to  find  a  eaans  of  •tabillsiag  tha 
newly  formed  ion- pair.  The  fact  that  BgBr(B—>Z) 
chemiluminescence  wee  observed  in  the  experiments  of 
Chapter  rv, 

— >«,(«1,(l!*»^t(*2ri/2)  (1) 
(2) 

says  that  a  fraction  of  the  scattaring  pair  ie 
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inharently  being  stabilised  to  form  bound  BgBr (B) 
molecules.  Perhaps  the  spectator  Bg  atom  plays  this 
role  for  the  case  of  Reaction  (1).  The  fraction  of 
molecules  being  stabilised  Is  expected  to  be  small 
because  of  the  fact  that  repulsive  potentials  curve 
cross  at  high  energlss  of  tbo  X2I^x/2  klkcxronlc  state. 
There  are  several  means  with  which  transient  species  msy 
be  stabilised.  Collisions!  deactivation  is  tbt  nest 
common  and  efficient.  igBr'Bl  vibrational  spacing  at 
high  v  ars  expected  to  be  small  (-100  cm"1)7  and 
collislonal  daactlvatloo  in  axpected  to  be  most 
efficient  (Chapter  XXX  Appendix  C).  A  drawback  of  the 
collislonal  quenching  scheme  is  the  necessity  for  high 
buffer  gee  pressures  (-  3  atm)  which  may  also  qoeach 
electronic  states  of  the  species  involved.  The 
situation  could  improve  slightly  if  the  buffer  gas  used 
has  snail  crossectlon  for  electronic  quenching  and  large 
polar  liabilities,  such  as  xe  (4.0sl0*24  cm2)  and  » 3 
(I.?lal0~24  cm2).1  BgBr (B)  has  a  large  stntle  dipole 
sonant  end  via  dipole- in dueed-dlpele  processes  (long 
range)  or  charge- induced  Interaction  (shorter  range), 
the  quenching  croeeectlone  could  be  made  larger  than  gae 
kinetic.  Xn  the  cnee  of  quenching  vibrational  statte  of 
BgBr(X,v*),  the  van  dor  waals  interaction  seems  to  play 


a  role  (see  Pig.  (XXX-  7  and  8))  as  quenching  by  Xe  was 
more  efficient  than  He.  A  van  der  tfaai*  interaction  can 
increase  the  quenching  radius,  as  for  the  case  of 
XevagBr(X,v*)  the  calculation  shows  the  'quenching 
radius  to  be  nearly  twice  the  gas  kinetic  radii. 
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